DOE/AD-10745
Revision 1
December 2002

U.S. Department of Energy
idaho Operations Office

Field Sampling Plan for Operable Unit 3-13,
Group 4, Perched Water Well Installation




DOE/ID-10745
Revision 1

Field Sampling Plan for Operable Unit 3-13,
Group 4, Perched Water Well Installation

December 2002

Prepared for the
U.S. Department of Energy
Idaho Operations Office



ABSTRACT

This Field Sampling Plan describes the drilling and sampling activities that
will be conducted in preparation for the installation of vadose zone
instrumentation and monitoring wells and tracer testing at the Idaho Nuclear
Technology and Engineering Center. This equipment installation covers Phase 1
of the Operable Unit 3-13, Group 4 (Perched Water) remedial design/remedial
actions. The purpose of this Field Sampling Plan is to present the rationale and
methods for installation of the perched water wells. Also included are the
installation of instrumentation and the associated sampling and analysis. Several
new monitoring wells will be installed within the security fence at Idaho Nuclear
Technology and Engineering Center. The locations were selected to meet the data
quality objectives detailed in this plan. Data obtained from this drilling and
sampling program will be used to evaluate the effectiveness of remedial
design/remedial action activities identified in the Operable Unit 3-13 Record of
Decision for Group 4.

NOTE: The Field Sampling Plan discussions for Phase I activities were
written in September 2000 (prior to Phase I well installations) and
are retained in the original form. For details on the final
methodology, results, and status of Phase I activities, refer to the
Phase I Monitoring Well and Tracer Study Report (DOE-ID 2002).
This Field Sampling Plan revision focuses on the initial sampling
effort for Phase Il activities.
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Field Sampling Plan for Operable Unit 3-13, Group 4,
Perched Water Well Installation

1. INTRODUCTION

The Idaho National Engineering and Environmental Laboratory (INEEL) is divided into 10 waste
area groups (WAGS) to better manage environmental operations mandated under a Federal Facility
Agreement and Consent Order (FFA/CQO) (Department of Energy-Idaho Operations Office
[DOE-ID] 1991). The Idaho Nuclear Technology and Engineering Center (INTEC), formerly the Idaho
Chemical Processing Plant (CPP), is designated as WAG 3. Operable Unit (OU) 3-13 encompasses the
entire INTEC facility.

Operable Unit 3-13 was investigated to identify potential contaminant releases and exposure
pathways to the environment from individual sites as well as the cumulative effects of related sites.
Ninety-nine release sites were identified in the OU 3-13 Remedial Investigation/Feasibility Study
(RI/FS), of which, 46 were shown to have a potential risk to human health or the environment
(DOE-ID 1997). A new operable unit, QU 3-14, was created to specifically address activities at the Tank
Farm area where special actions will be required. The 46 sites were divided into seven groups based on
similar media, contaminants of concern (COCs), accessibility, or geographic proximity. The OU 3-13
Record of Decision (ROD) (DOE-ID 1999) identifies remedial design/remedial action (RD/RA)
objectives for each of the seven groups. The seven groups include

o Tank Farm Soils (Group 1)
o Soils Under Buildings and Structures (Group 2)
. Other Surface Soils (Group 3)
. Perched Water (Group 4)
. Snake River Plain Aquifer (SRPA) (Group 5)
o Buried Gas Cylinders (Group 6)
o SFE-20 Hot Waste Tank System (Group 7).
The final ROD for OU 3-13 was signed in October 1999 (DOE-ID 1999). This comprehensive

ROD presents the selected remedial actions for the seven groups, including Group 4 perched water
instrumentation to assess the perched water drain out and potential contaminant flux into the SRPA.

1.1  Project Purpose

NOTE: The discussions for Phase I activities were written in September 2000 (prior to Phase I well
installations) and are retained in their original form. For details on the final methodology,
results, and status of Phase I activities, refer to the Phase I Monitoring Well and Tracer
Study Report (DOE-ID 2002).

The purpose of this Field Sampling Plan (FSP) is to provide guidance for drilling, instrument
installation, and collection of samples during the OU 3-13 Group 4 Perched Water remedial action at the

I-1



INTEC. Sampling and analysis activities addressed under this FSP include interbed sediment and
groundwater sampling (all Phase I actions), performance of tracer test(s), and the initial round of Phase 11
groundwater sampling. Development of the FSP was based on the data requirements identified in the

OU 3-13 ROD. This FSP includes

. Site description and background

o Data quality objectives (DQOs)

o Discussion of drilling methods and protocols

o Discussion of types of sampling to be conducted and the types of analyses to be performed

o Determination of sample locations and sampling frequency, based on available data (i.e., well
construction/completion, historical water level data, historical water quality data, and other relevant
considerations)

. Description of all field procedures to be used

o Sample control considerations

. Quality assurance (QA) requirements

. Project organization

J Waste management considerations

o Health and safety requirements.

This FSP is one of five documents that comprises the bulk of Monitoring System Implementation
Plan (MSIP). The MSIP contains the Group 4 project documentation and includes, in addition to this FSP,
the Long Term Monitoring Plan (DOE-ID 2000a), the tracer test plan (DOE-ID 2000b), the health and
safety plan (HASP) (DOE-ID 2000c¢), and the Waste Management Plan (WMP) (DOE-ID 2000d).

1.2 Scope

The scope of this project is the installation of instrumentation to permit data collection on perched
zone recharge sources and drain-out that will provide information necessary to meet the needs detailed in
Section 8.1.4 of the OU 3-13 ROD. The ROD establishes two remediation goals for the perched water:
(1) “reduce recharge to the perched water,” and (2) “minimize migration of contaminants to the SRPA, so
that SRPA groundwater outside of the current INTEC security fence meets the applicable State of Idaho
groundwater standards by the year 2095 (DOE-ID 1999).

The primary activity for meeting these remediation goals is the relocation of the percolation ponds.
If percolation pond relocation alone does not meet the requirements set forth in the ROD, then the ROD
identifies a contingent remedy of limiting infiltration from the Big Lost River (BLR) through a lining
program. The relocation of the percolation ponds and lining the BLR is outside the scope of this FSP. In
addition, contamination associated with the tank farm surface soils and the injection well (CPP-23)
residual source term will be addressed by OU 3-14.



Data needed to monitor these remedial actions will be gathered by instrumentation installed during
the implementation of this FSP. A two-phased drilling approach will be utilized to maximize well and
instrumentation placement. Phase I is to install wells and vadose zone instrumentation in the subsurface
near three defined sources of recharge: (1) the percolation ponds (before they are relocated); (2) the BLR;
and (3) the sewage treatment infiltration galleries. Phase I also includes the installation of wells and
vadose zone instruments near the northwest corner of the tank farm and near the center of INTEC midway
between the tank farm and percolation ponds. Phase II includes the drilling and instrument installation of
up to nine additional wells surrounding the INTEC tank farm. If the contingent control of the BLR
becomes necessary, an additional project, Phase I1I, may be developed. This FSP addresses Phase I and 11
actions required for monitoring the results of the percolation pond relocation and determining if this
action meets the remediation goals. Figure 1-1 provides a logic diagram for Phase I and II activities.

1.3 Regulatory Background

The OU 3-13 ROD identified remedies for the seven contaminant groupings at INTEC, including
the Perched Water. The remedial actions chosen in the ROD are in accordance with the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) of 1980 as amended by the
Superfund Amendments and Reauthorization Act of CERCLA of 1986. In addition, the remedies comply
with the National Oil and Hazardous Substances Pollution Contingency Plan (EPA 1990) and are
intended to satisfy the requirements of the FFA/CO—Executive Order 12580.

The DOE-ID is the lead agency for remedy decisions. The Environmental Protection Agency
(EPA) Region 10 and the Idaho Department of Environmental Quality (IDEQ) approve these decisions.

1.4 Document Organization
The organization of this FSP is as follows:

. INTEC description and background

. Project objectives

. Perched water well network and sampling/monitoring frequency
) Procedures

J Sample designation

. Project personnel

J Waste management

J Document control.
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2. SITE DESCRIPTION AND BACKGROUND

The INEEL is a U.S. Government-owned facility managed by the United States Department of
Energy (DOE). The eastern boundary of the INEEL is located 52 km (32 mi) west of Idaho Falls, Idaho.
The INEEL Site occupies approximately 2,305 km2 (890 mi’) of the northwestern portion of the Eastern
Snake River Plain in southeast Idaho. The INTEC facility covers an area of approximately 0.39 km®
(0.15 mi®), and is located approximately 72.5 km (45 mi) from Idaho Falls, in the south-central area of the
INEEL as shown in Figure 2-1.

INTEC has been in operation since 1952, The plant’s original mission was to reprocess uranium
from defense related projects, and research and store spent nuclear fuel (SNF). The DOE phased out the
reprocessing operations in 1992 and redirected the plant’s mission to (1) receipt and temporary storage of
SNF and other radioactive wastes for future disposition, (2) management of current and past wastes, and
(3) performance of remedial actions.

The liquid waste generated from the past reprocessing activities is stored in an underground tank
farm. The INTEC tank farm consists of eleven 1,135,624 L (300,000 gal) tanks, four 113,562 L
(30,000 gal) tanks, four 68,137 L (18,000 gal) tanks, and associated equipment for the monitoring and
control of waste transfers and tank parameters. One of the 1,135,624 L (300,000 gal) tanks serves as a
spare tank and is always kept empty in the event of an emergency. The majority of wastes stored in the
tank farm are raffinates generated during the first-, second-, and third-cycle fuel extraction processes.
These wastes include high-level wastes that are composed of first- and second-cycle raffinates and
intermediate level wastes that are composed of third-cycle raffinates blended with concentrated bottoms
from the process equipment waste evaporator. This liquid waste continues to be treated by a calcining
process to convert the waste into a more stable form and to reduce the waste volume.

Numerous CERCLA sites are located in the area of the tank farm and adjacent to the process
equipment waste evaporator. Contaminants found in the interstitial soils of the tank farm are the result of
accidental releases and leaks from process piping, valve boxes, sumps, and cross-contamination from
operations and maintenance excavations. No evidence has been found to indicate that the waste tanks
themselves have leaked. The contaminated soils at the tank farm comprise about 95% of the known
contaminant inventory at INTEC. The final comprehensive RI/FS for OU 3-13 (DOE-ID 1997) contains a
complete discussion of the nature and extent of contamination.

The formulation of the perched water zone is a result of natural flows from the BLR and operations
of the percolation ponds. The percolation ponds have come on ling in a staggered manner. The pond
directly south of the plant (Pond 1) began receiving service waste in 1984. The southeastern pond
(Pond 2) came on line in 1986. The ponds have received all plant service wastewater since use of the
injection well was discontinued in 1984. The ponds are filled on an annual alternating schedule. The two
ponds received Resource Conservation and Recovery Act (RCRA) clean-closure equivalency for metals
contamination in 1994 and 1995. This means that only the remaining radionuclides need to be addressed
under CERCLA. Construction of new ponds to the west of the present facility are part of Group 4,

Phase 1 activities under the 1999 ROD, but are outside the scope of this FSP.
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21 Conceptual Model
Discussed below are the geologic and hydrologic settings surrounding the INTEC facilties.
211 Geologic Setting

The geology of the site includes about 13.7 m (45 ft) of surficial alluvium deposited by the BLR.
The BLR is an intermittent stream, and flow is lost by infiltration through the riverbed. Underneath the
alluvium are several thousand feet of relatively thin fractured basalt flows. Interspersed between some of
the basalt flows are sedimentary interbeds ranging in thickness from a few inches to many feet. Some of
the interbeds are fairly continuous, others are not. The SRPA is located at about 137 m (450 ft) below
ground surface (bgs) at the INTEC site.

2.1.2 Hydrologic Setting

Several sources of water contribute to moisture movement and the development of perched water
in the INTEC subsurface. The two major recharge sources are the percolation ponds (bottom center,
Figure 2-2) and the BLR (upper left, Figure 2-2). An average of 4.39 million liters (1.16 M gal) of
wastewater is discharged to the percolation ponds each day. Depending on the snowpack and precipitation
that occurs in a particular year, the BLR may flow all year or cease to flow entirely for several months or
years. The mean annual flow in the BLR at a point near the INTEC site is 42,467,544 m’/month
(34,429 acre-ft/month). Together, these two sources are thought to supply about 90% of the recharge. The
wastewater treatment lagoons (upper right, Figure 2-3), operational activities, and precipitation account
for the remaining recharge. Average annual discharge to the wastewater treatment lagoons is 52,617 m’/yr
(13.9 M gal/yr). Operational losses are variable and not well quantified. The mean annual precipitation at
the INEEL is approximately 21.5 cm/yr (8.5 in./yr). Usually, less than half of this occurs as snowfall. The
collection of precipitation in local basins can supply substantial amounts of focused infiltration.

As the wetting front moves downward through the surficial sediments, it may move through
contaminated sediments where the contaminants may be mobilized and transported. The water continues
its downward movement until it encounters an underlying fractured basalt flow where it is likely to collect
and move laterally along the sediment/basalt interface until it encounters preferential pathways which
may be associated with a fracture network or permeable rubble zones between basalt flows. In the basalt
the majority of water is believed to flow as a saturated front through high permeability systems consisting
of fractures and permeable interflow zones. This results in rapid water movement through the entire
fractured basalt portion of the subsurface.

If the infiltrating water encounters sedimentary interbeds, the water may spread laterally moving
down gradient. A permeability contrast between the interbed, the fractures, and basalt matrix causes the
water to pond and spread. One result of this contrast is the development of perched water in association
with the interbeds. The perching may occur either on the interbeds or dense basalt. However, most of the
perched water at INTEC appears to be associated with the interbeds.

The extent to which water moves horizontally while vertically transiting the fractured basalts is
uncertain. Water has been shown to move laterally several miles in the subsurface when sufficient water
was available to support long lateral spread. Eventually, water infiltrating at the surface of the INTEC will
reach the underlying SRPA.
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Figure 2-2, Map of INTEC showing Phase I well locations.
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2.2 Perched Water

Perched water bodies are significant because they increase the opportunity for contaminants to
move both laterally and vertically in the vadose zone. This lateral water and contaminant movement in the
vadose zone results in vertical migration rates that are spatially nonuniform beneath the INTEC.
Infiltration from the surface is assumed to move vertically through the basalt to an interbed. The water
and contaminants migrate along the interbed and accumulate at interbed low points because the interbeds
are sloped. This results in greater than average vertical water and contaminant fluxes in water
accumulation areas and less than average vertical water and contaminant fluxes in the elevated portions of
the interbed. Perched water bodies increase the complexity of flow and transport through the vadose zone.

Several zones of perched water have developed in the vadose zone as a result of site operations and
natural recharge sources. The perched water bodies have been found in three zones in the subsurface:

) The interface between the surface alluvium and the shallowest basalt flow.

o An upper zone associated with the CD and DE3 interbeds at depths between 34 and 53 m. 113 ft
and 170 ft) bgs. This shallow zone is further subdivided into an upper shallow zone and a lower
shallow zone.

o A lower zone associated with the DE6 and DES interbeds at a depth of about 97 to 128 m (320 to
420 ft) bgs.

Figure 2-3 shows a geologic cross-section running from north to south through the INTEC. The
names of the basalt flows and interbeds are shown in the figure. Also depicted are locations where
perched water is thought to exist. The perched water has varying degrees of radionuclide concentrations,
with the northern upper perched zone showing the highest concentration levels.

2.21 Perched Water in Surficial Alluvium

In places with a concentrated source of surface recharge, a perched water zone can develop in the
surficial alluvium on top of the first basalt flow. Perched water has been identified in the alluvium at the
INTEC beneath surface disposal ponds (the percolation ponds and the sewage treatment pond). A small
perched water table in alluvium was encountered west of CPP-603. The source for the perched water was
assumed to be wastewater that was discharged to a shallow seepage pit (Robertson et al. 1974).

Perched water in the surficial alluvium requires a concentrated source of recharge that exceeds the
normal recharge provided by precipitation. Perched water has not been widely measured at the sediment-
basalt interface.

2.2.2 Upper Perched Water Zone

As shown in Figure 2-3, the upper portion of the shallow upper perched water body is present
above the CD and D interbeds, and the lower portion of the upper perched water body has been identified
on the DE3 interbed. The CD interbed occurs at depths between 34 and 36 m (113 and 119 ft) bgs, the
D interbed occurs at depths between 39 and 41 m (128 and 135 ft) bgs, and the DE3 interbed occurs at
depths between 50 and 52 m (163 and 170 ft) bgs.
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The upper perched water zone is frequently divided into the northern and southern zones because it
appears to be two discrete water bodies. Figure 2-4, taken from the ROD, shows an interpretation of the
approximate extent of the upper perched water zones. The actual extent of the perched water bodies could
be quite different because the perched water boundaries are not well defined. Even within the upper
zones, the zones appear to occur as fragmented rather than continuous perched water bodies. The
connections between the perched water bodies are not well understood.

Based on the upper perched water configuration, it appears that multiple water sources are
providing recharge to the upper perched water body in the northern portion of the INTEC. These sources
may include recharge from the BLR, the wastewater treatment lagoons, and operational releases. The
wastewater treatment lagoons, located northeast of the facility, provide approximately 4.73 x 10° L
(1.25 x 10° gal) per month of recharge to the eastern side of this perched water body. This recharge has
resulted in a water table elevation of approximately 1,477 m (4,845 ft) above median sea level (amsl) in
the well (CPP-MON-P-024) (see Figure 2-2, upper right) completed near the sewage treatment ponds. In
the western portion of the perched water body and beneath the main portion of the facility, recharge from
an unknown source has produced a water table elevation of 1,467.7 m (4,815.2 ft) amsl in Well CPP-33-2.
Between the eastern and western portions of the upper perched water body, the groundwater elevation is
1,465.7 m (4,808.8 ft) amsl in Well CPP-37-4. Fluctuations in water levels in the upper perched water
zone that are observed in response to flow in the river indicate a connection between the northern upper
perched water and the river.

Perched water has been identified beneath two areas of the southern INTEC. A small,
perched-water body has been identified in the vicinity of building CPP-603 and a larger perched water
body has developed from the discharge of wastewater to the percolation ponds. The southern upper
perched zone is thought to be primarily recharged by the percolation ponds. The water elevations in the
southern perched water zone range between 1,442 4 to 1,460.0 m (4,732.4 to 4,790.2 ft) amsl north of the
percolation ponds near Building CPP-603, and between 1,461.9to 1,477.9 m (4,796.2 to 4,848.9 ft) amsl
near the percolation ponds. Only two upper perched water wells (see Figure 2-2) are located between the
northern and southern perched water bodies (MW-11 and MW-14), and neither indicates perched water in
these areas.

2221 Northern Perched Water Contamination. The highest perched water radioactive
contamination occurs beneath the northern portion of the INTEC, particularly associated with MW-2,
MW-5, and CPP 55-06 (see Figure 2-2). The maximum gross alpha and gross beta activities measured in
the upper perched groundwater were 1,140 £220 pCi/L and 589,000 2,600 pCi/L respectively, in well
MW-2. At a depth of approximately 42 m (140 ft), the maximum gross alpha and gross beta
concentrations measured in the perched water were 137 £9 pCi/L and 65,300 £600 pCi/L in wells MW-10
and MW-20.

The most significant radionuclides in the upper perched water body are Sr-90 and T¢-99. Low
levels of H-3 were also detected in the upper perched water zone. The low H-3 concentrations in the
upper perched water zone is a significant contrast to the waste stream that was directed to the INTEC
disposal well where the vast majority of the associated radioactivity consisted of H-3. Strontium-90 was
detected in all wells completed in the northern area of the upper perched water zone. The maximum Sr-90
concentration detected was 320,000 £3,000 pCi/L (well MW-2) followed by 104,000 £1,000 pCi/L (well
MW-5) and 66,300 £600 pCi/L (well CPP 55-06). The only other fission product detected in the upper
perched groundwater is Tc-99. Tc-99 has been detected in all wells except CPP 33-4 and MW-6. The
maximum T¢-99 concentration detected in the upper perched groundwater zone was 38000 £500 pCi/L in
well MW-10.
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Figure 2-4. Approximate extent of the shallow perched water at INTEC.



Two wells (MW-10 and MW-20) are completed in water-bearing zones at depths of approximately
42 m (140 ft). The maximum concentrations for H-3, Sr-90, and Tc-99 from these wells are
38,000 £50 pCi/L, 25,800 £30 pCi/L, and 127 £2 pCi/L respectively. A comparison of the water quality
from the wells completed in the upper perched groundwater body (at approximately 33 m [110 ft]) to this
deeper zone indicates an increase in both H-3 and Tc¢-99 concentrations and a decrease in the Sr-90
concentrations.

2222 Southern Perched Water Contamination. Wells that monitor the perched water quality
in the upper southern perched water zone around CPP-603 include MW-7, MW-9, MW-13, MW-14,
MW-15, MW-16, and MW-17. From the inorganic analysis, only nitrate/nitrite was detected at a
concentration exceeding the maximum concatenation level (MCL) at well MW-15 (14.7 mg/L). The
radionuclides detected in the perched water include H-3 (3,360 £176 to 25,700 +£400 pCi/L) and Tc-99
(6.4 £0.6 to 23.7 £0.6 pCi/L). In addition, Sr-90 and U-234 were detected in MW-15 at concentrations of
17,200 £200 pCi/L and 11.8 £1 pCi/L, respectively.

Perched water in the percolation pond area is monitored by six wells, designated as PW-1 through
PW-6, which monitor the upper-most perched water body associated with wastewater discharge to the
percolation ponds. These wells have been monitored by the United States Geological Survey (USGS)
since 1987. Wells PW-1, PW-2, PW-4, and PW-5 have been sampled on a quarterly basis as part of the
INTEC groundwater-monitoring program since 1991 (INEEL 1995).

Most of the historical radioactivity present in the PW-series wells is from H-3, with Sr-90
providing a secondary activity contribution. According to the USGS monitoring, activities from both H-3
and Sr-90 have remained relatively stable with the exception of an increased H-3 activity period in
mid-1988. Average H-3 concentrations range from 1,334 1421 to 4,681 567 pCi/L with Sr-90
concentrations averaging 3.7 3.4 pCi/L.

2.2.3 Lower Perched Water Zone

A deep perched water zone has been identified in the basalt between 98 and 128 m (320 and
420 ft) bgs. This one was first discovered in 1956 when perched groundwater was encountered at a depth
of 106 m (348 ft) while drilling well USGS-40 (Robertson et al. 1974). Since then, perched water has
been encountered in this zone during the drilling of wells USGS-41, USGS-43, USGS-44, USGS-50,
USGS-52, MW-1, MW-17, and MW-18. Borehole neutron logs run from Wells USGS-40, USGS-43,
USGS-46, USGS-51, and USGS-52 indicate that in 1993 perched water may still have been present in
this zone.

Only four wells are completed in the deep perched water zone. Wells MW-1, MW-18, and
USGS-50 are completed in the northern portion of the facility, and water has been encountered at
approximately 85, 107.5, and 101 m (322, 407, and 383 ft) bgs, respectively. In the southern portion of
the INTEC facility, only Well MW-17D is completed in the lower perched water zone in which water is
encountered at a depth of approximately 96 m (364 ft) bgs (see Figure 2-2).

Similar to the upper perched water zone, it is thought that the lower perched water zone is formed
by decreased permeability associated with sedimentary interbed layers. It appears that the lower perched
water has formed primarily on the DE7 interbed (see Figure 2-3). The top of this interbed occurs beneath
the INTEC at depths ranging from 101 to 112.5 m (383 to 426 ft) bgs in the western portion of the INTEC
facility. However, the DE6 interbed is responsible for creating perched water associated with Wells
USGS-40 and USGS-43. The lower perched water zone is not continuous beneath the entire facility and
may actually consist of several individual perched water bodies. Recharge to the southern perched water
body is from service wastewater discharged to the percolation ponds. The source of recharge to the



western portion of the northern perched water body is unknown, though the BLR and facility water leaks
are likely contributors.

Water levels in the lower perched water zone have been monitored since the early 1960s in well
USGS-50. The water level in this well has been fairly consistent, ranging between 1,381 and 1,384 m
(4,530 and 4,540 ft) amsl. In the late 1960s and 1970s, however, the water level increased by
approximately 27.4 m (90 ft) in response to failure of the INTEC injection well, Site CPP-23. During this
period, wastewater was discharged directly to the vadose zone from the INTEC injection well at a
reported depth of 69 m (226 ft) bgs (Fromm et al. 1994). Measurements made in 1966 showed that the
well was intact. Therefore, most of the collapse took place in 1967 or early 1968. The period when the
INTEC injection well was plugged and discharged directly into the vadose zone has resulted in a thick
zone of contamination underlying INTEC. This zone serves as a possible source of contamination to the
deep perched water zone and complicates any interpretation of contamination in the subsurface.

In September 1970, a drilling contractor began to redrill and reline the injection well to its original
depth. By October, deepening had progressed to about 152.4 m (500 ft) and the water level in the well had
resumed its normal depth at about 138.7 m (455 ft). During the well repair, wastewater was disposed of to
USGS-50. The injection well collapsed again and had to be reopened to the water table in late 1982. At
this time, a high-density polyethylene liner 25.4 ¢m (10 in.) in diameter was placed in the well from
ground level to the bottom of the well. The liner was perforated from 137 m (450 ft) bgs (approximately
2.4 m |8 ft] above the water table) to the bottom of the well. On February 7, 1984, the injection well was
taken out of routine service, and wastewater is now pumped to percolation ponds 1 and 2.

2.2.3.1 Lower Perched Water Contamination. Contamination in the lower portion of the
vadose zong is different in composition from the upper perched zone. The lower vadose zone perched
water contamination results from the two INTEC injection well (Site CPP-23) collapses where service
wastewater was released into the vadose zone above the lower sediment and the migration of upper
perched water toward the SRPA. Lower perched water is monitored at the INTEC by wells MW-1,
MW-17, MW-18, and USGS-50 that are completed in water-bearing zones occurring at depths between
99.4 10 102.4 m (326 to 336 ft), 109.7 to 116.1 m (360 to 381 ft), 120.1 to 126.2 m (394 to 414 ft), and
109.7 to 123.4 m (360 to 405 ft) respectively. Historically, two rounds of perched water samples have
been collected from MW-1, one round of perched water samples has been collected from MW-17 and
MW-18, and a substantial database concerning radioactive contaminants is available for the water quality
from USGS-50. Results from these water-sampling events are described in the WAG 3 RI/FS Work Plan
(INEEL 1995).

Well MW-1 is located in the northern INTEC. Nitrate/nitrite was detected at a concentration of
69.6 mg/L. The radionuclides detected in water samples from well MW-1 include Sr-90 (4.5+0.4 pCi/L)
and H-3 (24,700+400 pCi/L). Of these contaminants, only H-3 was measured above the federal primary
MCL of 20,000 pCi/L. Since H-3 concentrations in the deep perched water zone are higher than the H-3
concentrations in the overlying perched water bodies, the source of this contamination is either a
historical release where the contaminants have moved through the system, or wastewater disposal to the
ICPP injection well.

Well MW-18 is completed in the deeper perched water zone near the eastern boundary of the
INTEC. From the June 1995 sampling event, only nitrate/nitrite concentration at 34.4 mg/L exceeded
either a federal primary or secondary MCL. The radionuclides detected in the deep perched groundwater
at this location include H-3 (73,000+£700 pCi/L), Sr-90 (207£2 pCi/L), and T¢c-99 (73626] pC/L). The
H-3 and Tc-99 concentrations from this well are some of the highest concentrations measured in the
perched water beneath the ICPP.



USGS-50 was originally intended to be completed in the SRPA, but was ultimately drilled to a total
depth of 123 m (405 ft) to monitor a lower perched water zone. This well is located in the north central
portion of the facility. The highest concentrations of H-3 and Sr-90 occurred in 1969 and 1970. These
clevated concentrations were attributed to the failure of the ICPP disposal well where the wastewater was
injected into the vadose zone rather than directly to the aquifer.

From the May 1995 water sampling of USGS-50, the concentrations of all chemical contaminants
except nitrate/nitrite were below federal primary or secondary MCLs. Nitrate/nitrite concentration was
measured at 31.3 mg/L, compared to the federal primary MCL of 10 mg/L. Radionuclides in the perched
water that were detected include H-3 (61,900+700 pCi/L), Sr-90 (151£2 pCi/L), and Tc-99
(63£1J pCi/L). The concentrations for H-3 and Sr-90 are within the expected values based on the
historical sampling conducted by the USGS.

Well MW-17 is the only deep perched water monitoring well located in the southern portion of the
INTEC. This well has been constructed to monitor three perched water bodies: an upper zone from 55.4
to 58.4 m (181.7 to 191.7 ft) bgs, a middle zone from 80.4 to 83.5 m (263.8 to 273.8 ft) bgs, and a lower
zone from 110 to 116 m (360 to 381 ft) bgs. During the May 1995 sampling event, water was only present
in the upper and lower zones. None of the chemical constituents detected in the perched water exceeded
cither a federal primary or secondary MCL. Only two radionuclides (H-3 and Tc-99) were detected in
perched water samples collected from MW-17. The concentrations of these two radionuclides were
similar between the upper and lower perched water zones. H-3 concentrations varied from 25,100 £400 to
25,700 +400 pCv/L, and Tc-99 concentrations varied from 5.9 0.6 to 6.4 £0.6 pCi/L.

2.3 Contaminants of Concern

COCs identified in the OU 3-13 WAG 3 baseline risk assessment are primarily radionuclides. The
upper perched zone COCs are strontium-90 and tritium (H-3). COCs in the deep perched zone includes
the above contaminants as well as americium-241, neptunium-237, technicium-99, cesium-137,
iodine-129, plutonium isotopes, uranium isotopes, and mercury. The difference in composition of
contaminants in the upper and lower perched water zones is a result of their different contaminant
sources. Contamination in the upper perched water results from contaminants being leached from surface
sources while the lower perched water resulted from combination of injection well failures and downward
contaminant migration. By Agency request, hazardous substances to be included with the Phase I COC
analyses include carbon tetrachloride, 1,1,1-trichloroethane (TCA), trichloroethylene (TCE),
tetrachloroethylene (PCE), benzene, toluene, and carbon disulfide. The volatile organic compound (VOC)
sampling will be discontinued in Phase II if they are not detected at concentrations above MCLs in the
initial sampling. Geochemical sampling will include cations and anions.



3. FIELD SAMPLING PLAN OBJECTIVES

NOTE: The DQO discussions below for Phase I were written in September 2000 (prior to Phase 1
well installations) and are retained in the original form. For details on the final methodology

and status of Phase I activities, refer to the Phase I Monitoring Well and Tracer Study Report
(DOE-ID 2002).

The objective of this FSP is to clearly define the drilling, core collection, installation of
instrumentation at both new (Phase I and Phase II) and existing vadose zone wells and to collect and
analyze groundwater samples from these new and existing wells. A separate monitoring plan
(DOE-ID 2000a) has been prepared to detail the routine collection, analysis, and evaluation of data from
the newly installed instruments and groundwater samples.

3.1 Data Quality Objectives

The EPA developed the DQO process as a means to “improve the effectiveness, efficiency, and
defensibility of decisions™ used in the development of data collection designs (EPA 1994). The DQO
process is a systematic procedure for defining data collection criteria based on the scientific method. This
process consists of seven iterative steps that yield a set of principal study questions and decision
statements that must be answered to address a primary problem statement. The seven steps comprising the
DQO process are listed below:

J Step 1:  State the problem

. Step 2:  Identify the decision

o Step 3:  Identify the inputs to the decision

o Step 4  Define the study boundaries

J Step 5:  Develop decision rules (DRs)

o Step 6:  Specify limits on the decision

o Step 7 Optimize the design for obtaining data.

The following sections present details on each of the DQO steps to be answered by the work
conducted under this FSP. The DQOs as discussed in the following sections have been negotiated and
approved by the supervising agencies. Table 3-1 presents a summary of the DQO process for the Group 4
remediation goals.

3.1.1  State the Problem

The WAG 3 ROD requires that it be determined, through site monitoring activities, if relocation of
the percolation ponds has been successful in meeting the OU 3-13 Group 4 remediation goals. The ROD
establishes two remediation goals for the perched water of (1) “reduce recharge to the perched water,”
and (2) “minimize migration of contaminants to the SRPA, so that SRPA groundwater outside of the
current INTEC security fence meets the applicable State of Idaho groundwater standards by the year

20957 (DOE-ID 1999, Sect 8.1.4, p 8-9). If these goals are not met, then additional infiltration controls
are required (Phase III). Per the ROD, the next contingent remedial action will be lining the BLR, if

3-1



Table 3-1. WAG-3, OU 3-13, Group 4, Perched Water DQO table.

1: State the Problem

2: Identify the Decision

3: Identify Inputs to the Decision

4: Define the Study Boundaries

Is relocating the percolation ponds
successful in meeting the

OU 3-13 Group 4 remediation
goals (i.e., preventing migration
of radionuclides from perched
water in concentrations that would
cause the SRPA groundwater to
exceed drinking water standards
in 2095), or are additional
infiltration controls necessary. Per
the ROD, the next contingent
remedial action will be lining the
BLR, ifrelocation of the
percolation ponds is not
successful in meeting the
remediation goal.

Success at meeting the RAO will be based upon a determination of whether we have met the Group 4 remediation goals (DOE-ID 1999,

Sec 8.1.4, p 8-9).

Principal Study Questions

Alternative Actions

Decision Statement

PSQ-1la: Has the moisture content in
the vadose zone beneath INTEC been
reduced to moisture levels predicted by
the WAG-3 OU 3-13 vadose zone model
(DOE-ID 10572) within 5 years
following the percolation pond
relocation?

Note 1: Data to resolve this question will be
collected before and after the removal of the
percolation ponds.

Note 2: Data to answer PSQ-1a will initially
be compared with data from the existing

OU 3-13 vadose zone model. The collected
data will be used to revise the model. After the
model is revised, it will be used to predict
future conditions.

AA-la: Alternatives to PSQ-1a
include (1) determining whether the
measured moisture content is less
than or equal to levels predicted by
the WAG 3 OU 3-13 model or

(2) determining whether the
measured moisture content remains
greater than that predicted by the
model.

DS-la:  Determine whether relocation of the percolation
ponds has been sufficient to reduce moisture contents in
the vadose zone to levels less than or equal to those
predicted by the WAG-3 OU 3-13 vadose zone model.

The inputs to PSQ-1a are

1) Spatially distributed matric potential measurements from new tensiometers
installed within each of subsurface zones at INTEC

2) WAG-3 OU 3-13 vadose zone numerical model derived matric potential action
levels for each of the same subsurface zones

3) Moisture characteristic curves for the interbed sediments
4) Tracer test data

a) Tracers will be unique fluorescence dyes, which are not currently
being used at the INEEL

b) Tracer tests will be performed to evaluate hydraulic continuity,
recharge sources, and travel times.

PSQ-1b: Has the COC? flux to the
SRPA been reduced during the initial
5 years of monitoring following the
percolation pond relocation such that
water quality in the SRPA meet
applicable standards by 2095?

Note: Ifthere are changes to COC Kds per
OU 3-14 or INTEC evaluation, these will be
incorporated by consensus as appropriate.

AA-1b: The alternative to PSQ-1b
is that the COC flux to the SRPA
will result in groundwater
concentrations in the SRPA
exceeding MCLs or remedial
action objectives
(RAOs)/Regulatory Guides (RGs)
in 2095 and beyond.

DS-1b:  Determine whether relocation of the percolation
ponds has reduced the flux of COCs to the SRPA such
that the predicted COC concentrations in the SRPA will
not exceed MCLs or RAOs/RGs in 2095 and beyond.

The inputs to PSQ-1b are

1) Collection and chemical analysis for COCs of perched water samples from
existing vadose zone monitoring wells

2) Collection and chemical analysis for COCs of soil water samples from new
and existing lysimeters

3) Measurement of water levels in existing vadose zone monitoring wells

4) Measurements of (soil moisture) tension from new tensiometers

5) Collection and analysis of interbed sediment samples at locations of new
tensiometers for development of moisture characteristic curves and grain size
analysis

6) Collection and chemical analysis for COCs of groundwater samples from new
and existing monitoring wells installed in the SRPA

7) Collection of and chemical analysis of tracers in perched water

8) Measurement of water levels in new and existing monitoring wells installed in
the SRPA

9) Recharge water source information for precipitation, BLR flows, and facility
discharge volumes
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Incorporation of monitoring data, collected during the 5 years following
relocation of the percolation pond, into the refined WAG-3 OU 3-13 model
and calculation of the predicted concentrations of COC in the SRPA in year
2095 and beyond.

PSQ-2: Based upon monitoring of the
percolation pond relocation (PSQ-1a and
PSQ-1b), are additional recharge controls
necessary?

AA-2: Alternatives to PSQ-2 will
be based upon the answers obtained
to PSQ-1a and PSQ-1b and include
determining whether
implementation of additional
recharge control is required.

DS-2:  Based upon the results of PSQ-1a and PSQ-1b,

determine whether additional recharge control is required.

If the answers to both PSQ-1a and PSQ-1b are yes, then
the remediation goals have been met and additional
recharge control is not required. If the answer to either
PSQ-1b or PSQ-1b is no, then the remediation goals have
not been met and further action is required.

The inputs to PSQ-2 are

PSQ-1a and PSQ-1b will be inputs to PSQ-2. Both PSQ-1a and PSQ-1b will have
either a ““yes” or “no” answer. No additional field data is required for PSQ-2.

PSQ-3: Based upon new data obtained
during evaluation of the percolation pond
relocation and an evaluation of recharge
sources, is lining of the BLR the
recommended alternative if additional
recharge controls are necessary?

AA-3:  Alternative actions for
PSQ-3 include determining
whether lining the BLR is the
preferred alternative for meeting
the perched water RAO or
determining whether recharge
control or combination of controls
are recommended.

DS-3:  Determine whether additional recharge controls
are required for meeting the RAOs and which additional
recharge controls will be needed.

The inputs to PSQ-3 may include

1) Time-series water level and tension measurements in existing monitoring wells
and in the Phase I and II wells.

2) Time-series data obtained from National Oceanic and Atmospheric
Administration, USGS, and INTEC operations for information impacting
recharge including BLR flow data; precipitation, temperature, pressure
records; and percolation pond, sewage treatment lagoon, and other operational
(if required) discharge volumes.

3) Perched water sample collection and analysis for tracers.

4) Perched water sample collection and analysis for basic geochemistry, e.g.,
anions and cations; isotopes, ¢.g. N14/N135 ratios; and source or recharge
indicator chemicals, e.g., nitrates, caffeine, chloride.

5) Collection and analysis of source term waters for the same suite of analytes as
perched water samples.

Note: A final decision on exactly what the PSQ-3 inputs will be determined with
Agency input following PSQ-2.

This study focuses on the transport of COCs from the vadose
zone to the SRPA. Specifically excluded from this study is
contamination of the surface soils (alluvium to top of basalt)
at INTEC which are covered under other programs. The
physical boundaries of the study area are from the BLR (on
the north) to the percolation ponds at the south end of INTEC.
The east-west boundaries roughly correspond to the east-west
perched water zones and include the sewage treatment
lagoons and probably a portion of the BLR. At depth, the
boundaries of the study area are from the top of basalt down
and into the top of the SRPA.

To aid in the remedial action evaluation and based on the
physical characteristics of the perched water bodies and
locations of recharge sources, the vadose zone will be divided
into a northern-upper, northern-lower, southern-upper, and
southern lower perched water zones. The boundary between
north and south will be marked by an east-west line across the
southern end of the FAST building (CPP-666). The boundary
between the upper and lower perched water is placed at a
depth of 200 feet between what is commonly referred to as the
upper interbeds (110-140 ft) and lower interbeds (~380 ft).
The division of the vadose zone into four discrete study areas
allows for independent review of each of these areas as the
remedial action progresses. The tracer test data will be used to
determine the connectivity between the perched water zones
for compliance monitoring.

The Group 4 remedial activities will be undertaken in three
phases. The purpose of the first phase is to obtain information
and background data while the percolation ponds are working
to establish compliance monitoring and will include
installation of 15 wells, conducting a series of tracer tests, and
monitoring moisture content and COC concentrations. The
purpose of Phase II is to monitor the drain out of the perched
water following relocation of the percolation ponds and will
include drilling additional wells. Phase III includes the BLR
contingency (if required) and long-term monitoring.

Lining of the BLR will require fulfilling additional
requirements such as NEPA and a factual determination per
CFR Title 40, Part 230, “Section 404(B)(1), Guidelines for
Specification of Disposal Sites For Dredged or Fill Material,”
modification to the Statement of Work, and possibly,
additional field investigations to support an explanation of
significant differences or ROD amendment.
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Table 3-1. (continued.)

DOE-ID 1997, Comprehensive RI/FS for the Idaho Chemical Processing Plant OU 3-13 at the INEEL—Part B, FS Report (final).

5: Develop a Decision Rule

6: Specify Tolerable Limits on Decision Errors

7: Optimize the Design

DR-1a: If, five years following the percolation pond relocation, the mean soil
moisture content in the vadose zone sections, (e.g., north-upper, north-lower,
south-upper, and south-lower), is equal to or less than the mean tension in soil
moisture predicted by the refined WAG-3 OU 3-13 vadose zone model, then we
can conclude that we have met the first remediation goal for Group 4.

DR-1b: If, following the 5 years of monitoring and incorporation of those data into
the refined WAG-3 OU 3-13 model, we predict through modeling that
concentrations of COCs in the SRPA will be equal to or less than applicable MCLs
or RGs in the year 2095 and beyond, then we can conclude that we have met the
second remediation goal for Group 4.

DR-2: If we conclude that both remediation goals have been met based upon
DR-1a and DR-1b above, then we can conclude that the perched water RAO has
been met and additional recharge controls are not required. If we conclude that
either of the remediation goals, DR-1a or DR-1b, has not been met, then the RAO
has not been met and per the ROD (DOE-ID 1999, Section 8.1.4., p 8-10), the
contingency for limiting recharge from the BLR must be implemented.

DR-3: If new data collected during the 5 years of monitoring indicate that the BLR
is not a significant source of recharge to the vadose zone, then a ROD modification
will be done and other recharge source(s) addressed.

The average soil tension measurement in each of the zones will be compared to the
established action level for each zone. COC flux concentrations will be compared to MCL
or RG values and established action levels.

When data can be statistically manipulated, hypothesis testing will be utilized to determine
if the action level is exceeded in any of the zones. The recommended null hypothesis, Ho, is
that the true mean in each zone is greater than the action level. The alternative hypothesis is
that the mean is less than or equal to the action level:

Ho: > Action Level

H.: w < Action Level

The hypothesis testing will be based upon small sample statistics (n < 30) and utilize the t
test statistic:

x — hypothesized value

Test Statistic: ¢ =
s/ Qn

Using this test statistic and hypothesis, we would reject the null hypothesis (and thereby
accept the alternative hypothesis) if the test statistic ¢ is less than the negative value of the

t critical value obtained from standard math tables given our number of samples and desired
level of significance.

In the case where decisions will be made by comparing data to computer predictions, the
accuracy of the computer predictions will be the accuracy of the OU 3-13 model.

The design for the WAG-3 OU 3-13 Group 4 investigation will be implemented in phases. Phase I includes installation of five well sets to be drilled
prior to conducting the tracer test. Vadose zone well sets will be located south of the BLR on the northwest corner of the tank farm, in a central location
within the INTEC facility, west of the sewage disposal lagoons, and north of the existing percolation ponds. Phase I well sets will include a combination
of: alluvial wells with instrumentation installed at about 45 ft bgs, upper perched water wells with instrumentation installed at about 120 to 140 ft bgs,
lower perched water wells with instrumentation installed at about 380 to 420 ft, and possibly an aquifer well at about 460 ft. The justification for each
Phase I well set follows.

Big Lost River Well Set. This well set is located south of BLR. The alluvial well will provide a location for sampling any perched water that
develops in the alluvium as result of flow in the BLR. The upper and lower perched water wells will provide locations for sampling the perched water
zones in the northern INTEC area. The set is placed in a location near the BLR where monitoring wells currently do not exist. These wells will serve as
the monitoring points for the BLR tracer (and other tracers should they be present). Wells at this location will help define the northern boundary and
vertical extent of the perched water zones and will help identify the hydraulic connection between the river an the perched water zones.

Sewage Treatment Lagoon Well Set. This well set is located southwest of the sewage treatment lagoon. The well set will provide sampling
locations in northern INTEC in the alluvium (should any perched water develop in the alluvium as result of flow in the BLR or discharge from the
sewage treatment lagoon) and in the upper and lower perched water. The set is placed in a location near the sewage treatment lagoons where no
monitoring wells in the perched water currently exist. This well set will serve as the alluvium/basalt interface, upper, and lower perched water-
monitoring points for the tracers. The wells at this location will help define the vertical depth and the northeastern boundary of the perched water zones.
The wells will also provide information on the hydraulic connection between the river, the sewage treatment lagoon, and the perched water zones.

Percolation Pond Well Set. This well set will provide a location for sampling perched water that develops on the alluvium and in the upper and
lower perched water as result of wastewater disposal in the percolation ponds. The wells will be placed north of the percolation ponds at a location
where no monitoring wells in the alluvium currently exist. (However, upper perched water wells exist to the north and south, and one lower perched
water well exists to the north.) This well set will serve as monitoring points for the tracer introduced into the percolation ponds (and others if they are
present). The wells will help identify the locations and vertical depth of the perched water and provide information on the hydraulic connection between
the percolation ponds and the perched water zones.

Tank Farm Well Set. This well set will be located on the northwest corner of the tank farm (see Figure 4-1) and will include four wells:
alluvium, upper perched water, lower perched water, and aquifer skimmer. The location for this well set was selected to provide a monitoring point
between the BLR and the tank farm and to access contaminated water that might move to the northwest from the tank farm. These wells will help define
effects of the BLR flow on the perched water at the alluvium/basalt interface, in both perched water zones, and in the SRPA.

Central Well Set. This well set is located in a central location between the north and south perched water bodies (see Figure 4-1). The cluster
will monitor the shallow perched water and deep perched water zones. As nearby perched water wells (MW-11, MW-11P) have been dry at recent
measurement events, the tensiometer and lysimeter data collected from this location will provide valuable information.

Instrumentation in Phase I wells will include piezometers, deep tensiometers (to measure soil tension), suction lysimeters (for collecting water samples),
and possibly moisture sensors. The piezometer will be installed in the borehole at the primary perched water zone. The suction lysimeters will be
installed in the primary perching zone and other “wet” zones. A suction lysimeter will be placed in the well at primary perched water zone to determine
contaminate concentrations for flux calculations following perched water drain out. The data may be used to determine contamination or recharge
sources. If'the moisture sensors can be successfully installed, field scale moisture characteristic curves will be developed.

In Phase I, a unique tracer will be added to each of the major recharge sources: existing percolation ponds, the BLR, (tracer probably cannot be added
directly to the river, [it will all flow off down stream], so it will be added to the vadose zone under or beside the river) and the sewage treatment
lagoons. Perched water will be sampled and analyzed for tracer concentrations and other analytes to augment the added tracers. Tracer data will then be
used to determine extent on perched water, the impact and interconnectivity of each recharge source on perched water, and to refine the WAG-3

OU 3-13 model.

Phase I will also include collecting soil tension data from the Phase I perched water wells, collecting water samples from newly installed
instrumentation as well as existing perched water wells and analyzing data for COCs and water geochemistry. COC analytes may include tritium,
technicium-99, iodine-129, strontium-90, plutonium and uranium isotopes, mercury, and other hazardous constituents in addition to the COCs listed in
the ROD. The hazardous substances may include carbon tetrachloride, 1,1,1-TCA, TCE, PCE, benzene, toluene, carbon disulfide, pyridine, and
hydrogen fluoride. Geochemical analytes may include cations, anions, and caffeine and N14/N15. Water level data will also be collected from existing
INTEC perched water wells.

Phase II will involve installing additional well sets which may include an alluvial well (~45 ft bgs), a shallow perched water well (~120 to 140 ft bgs), a
deep perched water well (~380 ft bgs), and an aquifer skimmer well (~450 ft bgs). Phase II will also include monitoring instrumentation installed in
Phase I and Phase II wells, monitoring water levels in existing perched water wells, and COC and geochemical sampling of soil- and perched-water in
new and existing wells. COCs including any additional hazardous substances will be sampled for annually during Phase I and II until the decision on the
need for further recharge control is made (sometime after the 5 years following the relocation of the percolation ponds). Thereafter, they will be
sampled for in 5-yr increments. Geochemistry samples will be collected initially (after completion of Phase I wells) and in years 2, 4, and 6 (percolation
ponds will be relocated in year 2).

Sampling and monitoring the vadose zone wells will continue during the 5 years following percolation pond removal. It is estimated that a network of
about 60 wells will be sampled annually for COC chemical analysis. Moisture data from the same well network will be collected daily during this part
of the investigation. After the 5 years provided that the drain out is occurring as predicted, monitoring and sampling will continue in a reduced well
network (~20 wells) at reduced frequency.

Phase III will be initiated only if the remedial contingency is implemented. In that event Phase III will include the installation of additional wells,
additional recharge controls, and long term monitoring.

a. COCs include those contaminants identified in the ROD and may be supplemented by those identified following the first round of contaminant sampling. COCs include tritium, technicium-99, iodine-129, strontium-90, plutonium isotopes, uranium isotopes, and mercury.
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relocation of the percolation ponds is not successful in meeting the remediation goal. The activities
described are those required to monitor the results of the percolation pond relocation and determine if the
results meet the remediation goals or if other remedial actions are required.

The primary perched water recharge sources include the percolation ponds at the south end of
INTEC and the BLR to the north. Based upon numerical groundwater modeling, the estimated
distribution of potential recharge sources is 70% percolation ponds, 20.7% BLR, 6.6% precipitation
infiltration, 1.5% sewage treatment ponds, and 0.8% other sources (DOE-ID 1999, Sec. 5.2, p 5-4).
Perched water at INTEC has been identified as potentially two distinct areas, the northern perched water
and southern perched water (DOE-ID 1999, Fig. 1-6, p. 1-8). Perched water is also differentiated between
a shallow perched water zone (approximately 33.5 to 42.7 m [110 to 140 ft] depth) and a deep perched
water zone (approximately 115.8 m [380 ft] depth).

3.1.2 Identify the Decisions

This step of the DQO process lays out the principle study questions (PSQs), alternative actions
(AAs), and corresponding decision statements (DSs) that must be answered to effectively address the
above stated problem. The primary decision is to determine if, through the relocation of the percolation
ponds, the perched water remedial action objective (RAO) (DOE-ID 1999, Sec. 8.1.4, bullet 3, p 8-3) of
preventing migration of radionuclides from perched water in concentrations that would cause the SRPA
groundwater outside the current INTEC fence line to exceed drinking water standards in 2095 and
beyond, has been met. If relocation of the percolation ponds is insufficient to meet this goal, then
additional recharge controls as stated in Section 8.1.4 of the ROD will be necessary. Such actions are
outside the scope of this FSP. Evaluation of the success of relocation of the percolation ponds will be
based upon whether or not one can demonstrate that the Group 4 remediation goals (DOE-ID 1999,

Sec 8.1.4, p. 8-9) have been met. To further assist in this evaluation the vadose zone modeling conducted
as part of the OU 3-13 RI/FS will be utilized. This modeling effort predicted that if the current percolation
ponds were relocated the existing perched water bodies would dry out, thus preventing further migration
of COCs.

3.1.21 Principal Study Questions. The purpose of the PSQ is to identify key unknown
conditions or unresolved issues that, when answered, provide a solution to the problem being
investigated, as stated above. The PSQs for this project are as follows:

PSQ-1a: Has the moisture content in the vadose zone beneath INTEC been reduced to moisture levels
predicted by the WAG-3 OU 3-13 vadose zone model (DOE-ID 1997) within 5 years
following the percolation pond relocation?

PSQ-1b: Has the COC flux from the perched water to the SRPA been reduced, during the initial
5 years of monitoring, following the percolation pond relocation such that water quality in
the SRPA will meet applicable standards by 20957

COCs include those contaminants identified in the ROD and may be supplemented by those
identified following the first round of contaminant sampling. COCs include tritium,
technicium-99, iodine-129, strontium-90, plutonium isotopes (Pu-238, -239, -240, and -241),
uranium isotopes (U-234, -235, -238), neptunium-137, americium-241, and mercury.

PSQ-2: Based upon monitoring of the percolation pond relocation (PSQ-1a and PSQ-1b), are
additional recharge control necessary?



PSQ-3: Based upon new data obtained during evaluation of the percolation pond relocation and an
evaluation of recharge sources, is lining of the BLR the recommended alternative if
additional recharge controls are necessary?

3.1.2.2 Alternative Actions. AAs are those actions possible resulting from resolution of the above
PSQs. The types of actions considered will depend on the answers to the PSQs.

AA-la: Alternatives to PSQ-1a include (1) determining whether the measured moisture content is
less than or equal to levels predicted by the WAG 3 OU 3-13 model or (2) whether the
measured moisture content remains greater than that predicted by the model.

AA-1b: The alternative to PSQ-1b is that the COC flux from perched water to the SRPA will result
in groundwater concentrations in the SRPA exceeding MCLs or RAOs/RGs in 2095 and
beyond.

AA-2: Alternatives to PSQ-2 will be based upon the answers obtained to PSQ-1a and PSQ-1b and
include determining whether the implementation of additional recharge control is required.

AA-3: Alternative actions for PSQ-3 include determining whether lining the BLR is the preferred
alternative for meeting the perched water RAO or determining whether other recharge
control or combination of controls are recommended.

3.1.2.3 Decision Statements. The DSs combine the PSQ and AA into a concise statement of
action. The DS for each of the PSQs are stated below.

DS-la: Determine whether relocation of the percolation ponds has been sufficient to reduce
moisture contents in the vadose zone to levels less than or equal to those predicted by the
WAG-3, OU 3-13 vadose zone model.

DS-1b: Determine whether relocation of the percolation ponds has reduced the flux of COCs from
perched water to the SRPA such that the predicted COC concentrations in the SRPA will not
exceed MCLs or RAOs/RGs in 2095 and beyond.

DS-2: Based upon the results of PSQ-1a and PSQ-1b, determine whether additional recharge
control (which may include lining the BLR) is required. If the answers to both PSQ-1a and
PSQ-1b are yes, then the remediation goals have been met and additional recharge control is
not required. If the answer to either PSQ-1b or PSQ-1b is no, then the remediation goals
have not been met and further action is required.

DS-3: Determine whether additional recharge controls required for meeting the RAOs or whether
alternate recharge controls will be more effective.

It is important to realize that the installation of an updated monitoring system and collection of new
types of data during the post-ROD monitoring might modify the site conceptual model for vadose zone
flow and transport beneath WAG 3. If the conceptual model is significantly changed, DS 1 may need to
be reevaluated in terms of the updated conceptual model.

3.1.3 Identify Inputs to the Decision

This step of the DQO process identifies the informational inputs that are required to answer the
decision statements made above.



3.1.31 Inputs for PSQ-1a. PSQ-1a will be answered by a direct comparison of ficld
measurements of vadose zone soil moisture to predicted soil moisture as calculated by the existing

WAG 3 vadose zone model. Field measurement of soil matric potential from the sedimentary interbeds
and basalts beneath INTEC will be performed. The installation of tensiometer, measurement of moisture
pressure head can be made at both below atmospheric (unsaturated) and above atmospheric (saturated)
pressures. Because the existing monitoring network consists of solely peizometers, only fully saturated
conditions can currently be detected. It is anticipated that with relocation of the percolation pond, perched
zones will drop below full saturation early on in the monitoring. Therefore, the existing vadose zone
monitoring system is insufficient for this task.

The comparison of field data to model calculated predictions will be accomplished through the
comparison of spatially averaged field data from four zones of the INTEC subsurface to calculated
predictions from approximately the same volume within the numerical model domain. To facilitate this
comparison the INTEC will be divided into four discrete zones based upon the north and south perched
water areas, and the deep and shallow interbed depths. This will produce the following four areas: a
north-shallow, north-deep, south-shallow, and south-deep zone.

Simply stated, the inputs to PSQ-1a are

1. Spatially distributed matric potential measurements from new tensiometers installed within each
subsurface zone at INTEC.
2. WAG-3 OU 3-13 vadose zone numerical model derived matric potential action levels for each of

the same subsurface zones.

3. Moisture characteristic curves for the interbed sediments.

4, Tracer test data to evaluate hydraulic continuity of perched zones, recharge sources, and travel
times from those sources. Tracer tests will use unique fluorescence dyes, which are not currently
being used at the INEEL.

3.1.3.2  Inputs for PSQ-1b. In order to estimate a contaminant flux following relocation of the
percolation ponds and support numerical modeling, information is required regarding (a) time-series
concentrations and aerial distribution of contaminants in the vadose zone beneath INTEC, (b) water flux
through the area of contamination in the vadose zone beneath INTEC, (¢) material properties of the
subsurface sediments and contaminants affecting contaminant transport in the vadose zone, (d) time-
series concentrations and distribution of contaminant in the SRPA beneath INTEC, (¢) water flux through
the SRPA beneath INTEC, and (f) material properties of the SRPA material and contaminants affecting
the contaminant transport.

The field data to support (a), above, will come from sampling a combination of the existing vadose
zone monitoring wells, and the installation and sampling of new suction lysimeters installed in
conjunction with the new tensiometers called out in PSQ-1a. The existing wells provide significant
information regarding the trends in COC concentrations throughout a wide area of the INTEC subsurface
where saturated conditions presently exist. The addition of new lysimeters is considered necessary to
monitor the system as areas dry out, and sampling with existing monitoring wells is no longer possible.

The field data to support point (b) will also come from utilization of existing and new equipment
installations. While not the ideal monitoring system, the existing monitoring wells provide useful
information regarding the distribution of saturated conditions in the vadose zone. In addition, new
tensiometers will provide soil moisture tension data in the vadose zone as the system dries out and falls
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below saturation. In order to calculate the flux under both the saturated and unsaturated conditions,
collection of sediment samples from the locations of each tensiometer will also be needed. This is
required to establish the soil structure in which the tension measurement is made. Flux estimates require
both a head or gradient measurement and a conductivity estimate. The tensiometers will provide the head
measurements. Collection and analysis of sediment samples will allow for soil texture classifications of
the interbed material, which can be used with empirical methods, to estimate both the hydraulic
conductivity and moisture content.

Additional data is not considered necessary for the determination of material properties affecting
retardation of contaminants in both the unsaturated and saturated zones, as referenced in inputs (c¢) and (f).
This information is already incorporated into the existing WAG 3 vadose zone model.

The field data to support point (d), will be developed through sample collection from new and
existing SRPA monitoring wells at INTEC. A series of USGS monitoring wells exists in the southern
portion of INTEC that will allow for tracking contaminant trends in the SRPA. However, only limited
SRPA well coverage is present beneath the areas of highest vadose zone contamination near the tank
farm. Additional wells to allow determination of flux of COC concentrations at the top of the SRPA in the
northern portion of INTEC are recommended to supplement monitoring of the COCs in the SRPA
beneath INTEC.

The field data to support point (¢), will be obtained through monitoring water levels in the SRPA in
both new and existing monitoring wells beneath INTEC.

Finally, this data will be collected for a period of 5 years following the percolation pond relocation
and trend information generated. Data and trend information will be incorporated into the WAG 3 vadose
zone model to predict the slope of the drain out curve at five years and the value at five years.

Thus, the inputs to PSQ-1b are

1. Collection and chemical analysis for COCs in perched water samples from existing vadose zone
monitoring wells.

2. Collection and chemical analysis for COCs of soil water samples from new lysimeters installed
with new tensiometers.

3. Measurement of water levels in existing vadose zone monitoring wells.
4, Measurements of soil moisture tension from new tensiometers.
5. Collection and analysis of interbed sediment samples at locations of new tensiometers for

development of moisture characteristic curves and grain size analysis.

6. Collection and chemical analysis for COCs in groundwater samples from new and existing
monitoring wells installed in the SRPA.

7. Collection and chemical analysis of tracers in perched water. Measurement of water levels in new
and existing monitoring wells installed in the SRPA.

8. Recharge water source information obtained from outside sources for precipitation. Big Lost River
flows, and facility discharge volumes.
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9. Incorporation of monitoring data, collected during the 5 years following relocation of the
percolation pond, into a refined WAG-3 OU 3-13 model and calculation of the predicted
concentrations of COC in the SRPA in year 2095 and beyond.

3.1.3.3  Inputs for PSQ-2. The inputs to PSQ-2 will be the answers to PSQ-1a and PSQ-1b. Both
PSQ-1a and PSQ-1b will have either a “yes” or “no” answer. No additional field data is required for
PSQ-2.

3.1.34 Inputs for PSQ-3. If additional recharge controls arec deemed necessary, the determination
of which recharge controls will be most effective to reduce COC transport will require an understanding
of the distribution of water from each of the potential recharge sources. Knowing the source(s) of water
collected in each monitoring well will help to determine which recharge source(s) are affecting which
areas of the subsurface and help to focus recharge controls on those sources which have the greatest
impact on the areas of concern. This can be accomplished through the correlation of head changes in the
vadose zone to periodic changes in the various recharge sources and through a geochemistry study, to
directly relate waters collected at the various vadose zone monitoring wells to recharge sources.

Beyond what is called for under PSQ-1a and PSQ-1b, no additional ficld data needs to be collected
to correlate head changes in the subsurface to changes in recharge sources. The planned monitoring
equipment will provide sufficient monitoring of water levels and tensions distributed throughout the
subsurface at INTEC. However, information regarding changes in the recharge sources will need to be
obtained from outside programs. BLR flows at the Lincoln Blvd. bridge near INTEC will be obtained
from the USGS. Temperature and precipitation data will be obtained from the National Oceanic and
Atmospheric Administration (NOAA) monitoring station at the Central Facilitics Area. Operating data
from the percolation ponds, sanitary treatment infiltration galleries, and other potential recharge sources
will be obtained from INTEC facility operations.

The geochemical evaluation of recharge sources will require the collection and analysis of both the
source recharge waters and vadose zone waters from the monitoring network. These samples will be
analyzed for basic geochemistry (cations, anions), isotopic ratios, and chemicals that can be specifically
traced to an individual recharge source (i.¢., nitrates to sewage plant and tank farm, and chloride to
percolation ponds).

Therefore, the inputs to PSQ-3 are

L. Time-series water level and tension measurements in existing monitoring wells and in the Phase 1
and II wells.

2. Time-series data obtained from NOAA, USGS, and INTEC operations for information impacting
recharge including BLR flow data, precipitation, temperature, barometric pressure records; and
discharge volumes to the percolation ponds, sanitary treatment infiltration galleries and other
operational discharges.

3. Perched water sample collection and analysis for tracers.
4, Perched water sample collection and analysis for basic geochemistry, (e.g., major cations and
anions) isotopes (¢.g., N'*/N' ratios, chlorine-36), and source or recharge indicator chemicals,

(c.g., nitrates, caffeine, chloride).

5. Collection and analysis of source term waters for the same suite of analytes as groundwater
samples.



3.1.4 Define the Boundaries of the Study

This study focuses the transport of COCs from the vadose zone to the SRPA. Specifically excluded
from this study is contamination of the surface soils (alluvium to top of basalt) at INTEC which are
covered under other programs. The physical boundaries of the study area are from the BLR on the north
to the percolation ponds at the south end of INTEC. The east-west boundaries roughly correspond to the
cast-west perched water zones and include the sewage treatment lagoons and probably a portion of the
BLR. At depth, the boundaries of the study area are from the base of alluvium basalt down and into the
top of the SRPA.

To aid in the remedial action evaluation and based on the physical characteristics of the perched
water bodies and locations of recharge sources, the vadose zone will be divided into a northern-upper,
northern-lower, southern-upper, and southern lower perched water zones. The boundary between north
and south will be marked by an east-west line across the southern end of the FAST building (CPP-666).
The boundary between the upper and lower perched water is placed at a depth of 200 ft between what is
commonly referred to as the upper interbeds 33.5 to 42.7 m (110 to140 ft) and lower interbeds 115.8 m
(~380 ft). The division of the vadose zone into four discrete study areas allows for independent review of
cach of these areas as the remedial action progresses. The tracer test data will be used to determine the
connectivity between the perched water zones for compliance monitoring.

The Group 4 remedial activities will be undertaken in two phases. The purpose of the first phase is
to obtain information and background data while the percolation ponds are in use to establish compliance
monitoring and will include installation of nine wells (three sets of three wells each), conducting tracer
tests, and monitoring moisture content and COC concentrations. The purpose of Phase Il is to monitor the
drain out of the perched water following relocation of the percolation ponds and will include drilling
additional wells.

Lining of the BLR will require compliance with additional applicable or relevant and appropriate
requirements such as National Environmental Policy Act (NEPA), and 40 CFR 230.404(B)(1),
“Guidelines for Specification of Disposal Sites For Dredged or Fill Material,” modification to the
Statement of Work. This may lead to additional field investigations to support an explanation of
significant differences or ROD amendment.

3.1.5 Develop a Decision Rule

This step of the DQO process brings together the outputs from steps 1 through 4 into a single
statement describing the basis for choosing among the listed alternatives.

DR-1a: If, after five years following percolation pond relocation, the mean soil moisture content in
the vadose zone sections (¢.g., north-shallow, north-deep, south-shallow, and south-deep) is
equal to or less than the mean soil moisture tension predicted by the refined WAG-3,

OU 3-13 vadose zone model, then we can conclude that we have met the first remediation
goal for Group 4.

DR-1b: If, following the five years of environmental monitoring and incorporation of those data into
the refined WAG-3, OU 3-13 model, we predict through modeling that concentrations of
COCs in the SRPA will be equal to or less than applicable MCLs or RGs in the year 2095
and beyond, then we can conclude that we have met the second remediation goal for
Group 4.



DR-2: If we conclude that both remediation goals have been met based upon DR-1a and DR-1b
above, then we can conclude that the perched water RAO has been met and additional
recharge controls are not required. If we conclude that either of the remediation goals,
DR-1a or DR-1b, has not been met, then the RAO has not been met. Therefore, per the ROD
(DOE-ID 1999, Section 8.1.4, p 8-10) the contingency for limiting recharge from the BLR
must be implemented.

DR-3: If new data collected during the 5 years of monitoring indicate that the BLR is not a
significant source of recharge to the vadose zone, then a ROD modification will be done and
other recharge source(s) addressed.

3.1.6  Specify Tolerable Limits on Decision Errors

This step of the DQO process sets out the acceptable limits on decision error. These limits are used
to establish performance goals for the data collection design.

The average soil tension measurement in each of the zones will be compared to the action levels
established under PSQ-1a and PSQ-1b for each zone. COC flux concentrations will be compared to MCL
or RG values and established action levels.

When data can be statistically manipulated, hypothesis testing will be utilized to determine if the
action level is exceeded in any of the zones. The recommended null hypothesis, Hy, is that the true mean
in each zone is greater than the action level. The alternative hypothesis is that the mean is less than or
equal to the action level: ‘

Hy:  p> Action Level

H,: p<Action Level

The hypothesis testing will be based upon smatl sampie statistics (n < 30) and utilize the t test
statistic:

x— hypothesized value

s/\In

Test Statistic: 1 =

where:
t = critical test statistic
x = mean moisture content
S = standard deviation, and
n = the number of samples.

Using this test statistic and hypothesis, we would reject the null hypothesis (and thereby accept the
alternative hypothesis) if the test statistic t is less than the negative value of the t critical value obtained
from standard statistical tables given our number of samples and desired level of significance.
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The proposed hypothesis testing is designed to allow for control of the probability of erroncously
concluding that COC action levels are not exceeded when in fact they are exceeded. This null hypothesis
was formulated based upon the belief that the harmful consequences of incorrectly concluding that an
action level is not exceeded when it actually is exceeded out weigh the consequences of incorrectly
concluding that the action level is exceeded when in fact it is not.

In the case where decisions will be made by comparing data to computer predictions, the accuracy
of the computer predictions will be bounded by the accuracy of the OU 3-13 model.

3.1.7  Optimize the Design

The design for the OU 3-13 Group 4 investigation will be implemented in phases. These phases
will build on each other, allowing the design of the monitoring program to be optimized through a full
understanding of site conditions. The tasks for Phases I and II are described below.

3.1.71 Phase I Activities. Phase I includes installation of five well sets to be drilled prior to
conducting the tracer test. Vadose zone well sets will be located south of the BLR, west of the sewage
treatment lagoons, on the northwest corner of the tank farm perimeter, in a location central of the INTEC
facility and north of the existing percolation ponds. Phase I well sets include a combination of alluvial
wells with instrumentation installed at about 13.7 m (45 ft bgs), upper perched water well with
instrumentation installed at about 36.6 to 42.7 m (120 to 140 ft bgs), lower perched water well with
instrumentation installed at about 115.8 m (380 to 420 ft), and aquifer well at about 460 ft. The
justification for each Phase I well set follows.

. Big Lost River Well Set. This well set is located south of the BLR. The alluvial well will provide
a location for sampling any perched water that develops in the alluvium as a result of flow in the
BLR. The upper and lower perched water wells will provide locations for sampling the perched
water zones in the northern INTEC area. The site for this set is a location near the BLR where
monitoring wells currently do not exist. These wells will serve as the monitoring points for the
BLR tracer (and indicator parameters, should they be present). Wells at this location will help
define the northern boundary and vertical extent of the perched water zones and will help identify
the hydraulic connection between the river and the perched water zones.

o Sewage Treatment Lagoon Well Set. This site for this set is southwest of the sewage treatment
lagoons. The well set will provide sampling locations in the northeastern portion of INTEC in the
alluvium (to evaluate perched water presence in the alluvium as result of flow in the BLR or
discharge from the sewage treatment lagoon) and in the upper and lower perched water. The site is
near the sewage treatment lagoons where no monitoring wells in the perched zones currently exist.
This well set will serve as the alluvium/basalt interface, upper, and lower perched water-monitoring
points for the tracers and indicator parameters. The wells at this location will help define the
vertical depth and the thickness of the perched water zones in this area. The wells will also provide
information on the hydraulic connection between the river, the sewage treatment lagoons, and the
perched water zones, thereby reducing uncertainty to aid with meeting RAOs.

o Percolation Pond Well Set. This well set will provide a location for sampling perched water that
has developed in the alluvium and in the upper and lower perched water as a result of wastewater
disposal in the percolation ponds. The wells will be placed north of the percolation ponds at a
location where no monitoring wells in the alluvium currently exist. (Upper perched water wells
exist to the north and south, and one lower perched water well exists to the north.) This well set
will serve as monitoring points for the tracer introduced into the percolation ponds (and indicator
parameters, should they be present). The wells will help identify the locations and vertical depth of



the perched water and provide information on the hydraulic connection between the percolation
ponds and the perched water zones.

. Tank Farm Well Set. This well set will be located on the northwest corner of the tank farm (see
Figure 4-1) and will include four wells: alluvium, upper perched water, lower perched water, and
aquifer skimmer. The location for this well set was selected to provide a monitoring point between
the BLR and the tank farm and to access contaminated water that might move to the northwest
from the tank farm. These wells will help define effects of the BLR flow on the perched water at
the alluvium/basalt interface, in both perched water zones, and in the SRPA.

o Central Well Set. This well set is located in a central location between the north and south perched
water bodies (see Figure 4-1). The cluster will monitor the shallow perched water and deep perched
water zones. As nearby perched water wells (MW-11, MW-11P) have been dry at recent
measurement events, the tensiometer and lysimeter data collected from this location should provide
valuable information.

Instrumentation in Phase I wells will include a piczometer, deep tensiometers (to measure
soil tension), suction lysimeters (for collecting water samples), and possibly soil moisture sensors. The
piczometer will be installed in the borehole at the primary perched water zone. The suction lysimeters
will be installed in the primary perching zone and other “wet” zones. A suction lysimeter will also be
placed in the well at the primary perched water zone to determine contaminate concentrations for flux
calculations following perched water drain-out. The data may be used to determine contamination or
recharge sources. If the moisture sensors can be successfully installed, field scale moisture characteristic
curves will be developed.

In Phase 1, a unique tracer will be added to each of the major recharge sources: existing percolation
ponds, sewage treatment lagoons, and the BLR, as discussed in the Tracer Test Plan (Appendix D).
During the tracer test, perched water will be sampled and analyzed for tracer concentrations, and if
necessary, other chemical and isotopic ratios to augment the tracer data. Tracer data will then be used to
determine the extent of perched water, the impact and interconnectivity of each recharge source on
perched water, and to refine the conceptual and WAG-3 OU 3-13 numerical models.

Phase I will also include collecting soil moisture tension data from the Phase I perched water wells,
collecting water samples from lysimeters in newly installed and existing perched water wells and
analyzing data for COCs and water geochemistry. COC analytes include tritium, technicium-99,
1odine-129, strontium-90, plutonium isotopes (Pu-238, -239, -240, -241) uranium isotopes (U-234, -235,
-238), neptunium-237, cesium-137, and mercury. In addition to the COCs listed in the ROD sewage and
other hazardous constituents will be initially analyzed for and include 1,1,1-TCA, carbon tetrachloride,
TCE, PCE, benzene, toluene, and carbon disulfide. Several stable isotopic ratios will be evaluated along
with the constituents listed above if an independent research project receives funding. The isotopic ratios
of nitrogen, oxygen, strontium, and hydrogen have been identified for this research. Final notification of
funding will be made near the end of FY-00. Water level data will also be collected from existing INTEC
perched water wells.

Phase I findings will provide information on the extent and mixing of the perched waters from the
“major” recharge sources. Additional wells may be installed in Phase II. The locations of the additional
wells will be determined by input from the following criteria: (1) tracer test results, (2) proximity to
recharge sources, (3) proximity to potential contamination sources, and (4) representation of the INTEC
perched water.
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3.1.7.2  Phase Il Activities. Phase Il involves installing additional well sets, each of which may
include an alluvial well (~45 ft bgs), a shallow perched water well (~120 to 140 ft bgs), a deep perched
water well (~380 ft bgs), and an aquifer skimmer (screened across the water table) well (~450 ft bgs).

Phase II will also include installing monitoring instrumentation similar to that in Phase I,
monitoring water levels in all existing perched water wells, and COC and geochemical sampling of soil
and perched water in new and existing wells. COCs, including any additional hazardous substances, will
be sampled for annually during Phase I and II until the decision on the need for further recharge control is
made (more than five years after the relocation of the percolation ponds). Sampling frequency, analytes,
sampling locations, following the decision on further recharge controls, will be determined using the
results of the Phase I and Phase 1l monitoring. Geochemistry samples will be collected initially (after
completion of Phase I wells) and in years 2, 4, and 6 (assuming percolation ponds will be relocated in
year 2).

Sampling and monitoring of the vadose zone wells will continue during the five years after
percolation pond removal. It is estimated that a network of 60 wells will be sampled annually for
chemical analysis during Phase 1. Moisture data from the same well network will also be collected daily
during this phase. Following the completion of the initial five years of Phase Il monitoring and
completion of the Monitoring Report/Decision Summary for contingent remediation, it is expected that if
the drain-out is occurring as predicted, the monitoring well network and sampling frequency will be
reduced. The Monitoring Report/Decision Summary will present the subsequent monitoring plan for the
period following the initial five years of Phase II monitoring.

3.2 Sampling Objectives

Sampling objectives have been determined through the careful evaluation of existing data and the
application of the data quality objective process. This process has lead to the development of data
requirements needed to support defining extent of perched zones, source water estimation, fate and
transport (flux) evaluation and modeling. The proposed location of each well set was chosen for one or
more of the following reasons: (1) to define inputs from recharge sources, (2) define lateral extent of
perched zones, and (3) to provide vadose zone information in areas where little or no previous
information is available.

The primary purpose of the vadose zone wells is to define perched water zone extent, and measure
the drain out/recharge of perched water bodies beneath the INTEC facility. Existing wells will be used to
the extent practical, based on their location and construction. Existing wells will primarily be used to
define perched zone extent and monitor drain out/recharge. Secondary information to be gained from the
new wells is undisturbed interbed material for geotechnical analysis, and water samples for contaminant
concentration for use in contaminant flux calculations.

3.3 Data Reporting

Results of the Phase I and Phase II drilling activities will be presented in separate well drilling
reports. These reports will include lithologic descriptions, updated cross-sections of the INTEC,
geophysical well logs, well construction diagrams, as-built drawings of instrumentation installations,
summaries of analytical (physical and chemical) results, and copies of the field notes.
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4. FIELD ACTIVITIES

The following sections describe the field activities and procedures to be used to meet the DQOs
described in Section 3.1. Prior to commencing any sampling activities, a prejob briefing will be held with
all work-site personnel to review the requirements of the FSP, HASP, and other work control
documentation, and to verify that all supporting documentation has been completed. Additionally, at the
termination of the drilling and instrument installation activities, a postjob review will be conducted. Both
prejob and postjob briefings will be conducted in accordance with applicable company policies and
procedures. The field team leader (FTL) (and other project personnel) will need to ensure that the
fieldwork is being performed using the most current and applicable company policies and procedures.

The OU 3-13, Group 4 perched water well installation program will include the lithologic and
geophysical logging of boreholes, and the collection of alluvial, shallow, and deep sedimentary interbed
materials for both Phases I and II. In addition, tensiometer, lysimeters, moisture sensors, piezometers, and
aquifer monitoring wells will be installed to monitor vadose zone soil moisture, water chemistry, and
perched zone and aquifer heads. The sampling requirements addressed in this FSP include a collection of
borehole data, sampling of interbed sediments, groundwater sampling from the Phase I instruments,
(including the tracer test sampling), and the initial round of Phase Il sampling. The long-term collection
of tensiometer and moisture sensor readings, and sampling of pore water and groundwater is not part of
this FSP, but is covered under the Long Term Monitoring Plan for Group 4 (DOE-ID 2002a).

41 Well Locations

This well installation program will be accomplished in two phases. The justification for each phase
is provided below.

411 Phase | Wells

The Phase I wells will allow better determination of the perched water recharge sources and will
support the tracer tests. The goal of each tracer test (and the well location selection) is to provide
information about the hydraulic connection between the recharge sources and the upper and lower
perched water zones.

The wells will be in sets of 2 to 4 wells each. This strategy allows sampling of perched water in the
same location at the multiple depths of concern: alluvium/basalt interface 9.0 to 13.7 m (30 to 45 ft),
upper perched water (36.6 to 42.7 m [120 to 140 ft]), and lower perched water (115.8 to 128 m [380 to
420 ft]). The deepest well in each set will be drilled first. After the deep well is drilled, it will be
geophysically logged. The borehole geophysical logs provide information on stratigraphy and locations of
perched water; they will also be used to determine completions for each well in the set. The boreholes
will be completed with instrumentation including tensiometers, suction lysimeters, and a piezometer
wherever possible. This approach provides the best monitoring possible for the tracer test.

The criteria for placement of the wells are based on professional knowledge of the INTEC facility
gained through past investigations, a thorough review of the stratigraphy of surrounding wells, past water
sampling event results, and water level elevation monitoring. The criteria for selection of the Phase |
and II well locations are similar, because the Phase I wells will be placed not only to monitor the tracer
test but also to monitor the drain-out of the perched water (Phase I wells will become part of the Phase 11
monitoring network). The criteria for selection of Phase I well locations include:

o Near known significant recharge sources



o Near areas that will help examine the boundaries and connection of perched water zones

o Near areas where perched water in the alluvium may develop.

4111 Big Lost River Well Set. This well sct will be located south of the BLR (sec Figure 4-1).
The alluvial well will provide a location for sampling any perched water that may develop in the alluvium
as a result of flow in the BLR. The upper and lower perched water wells will provide locations for
sampling the perched water zones in the northern INTEC area. The set will be placed in a location near
the BLR where monitoring wells currently do not exist. These wells will serve as the monitoring points
for the BLR tracer (and indicator parameters, should they be present). Wells at this location will help
define the northern boundary and vertical extent of the perched water zones and will help identify the
hydraulic connection between the river and the perched water zones.

4.1.1.2 Sewage Treatment Lagoon Well Set. This well set will be located southwest of the
sewage treatment lagoons (see Figure 4-1). It will provide sampling locations in the northeastern portion
of INTEC within the alluvium (where perched water may have developed in the alluvium as a result of
flow in the BLR or discharge from the sewage treatment lagoons) and in the upper and lower perched
water. The set will be placed in a location near the sewage treatment lagoons where no monitoring wells
in the perched water currently exist. This well set will serve as the alluvium/basalt interface, upper
perched water and lower perched water-monitoring points for the tracers. The wells at this location will
help define the vertical depth and the northeastern boundary of the perched water zones. They will also
provide information on the hydraulic connection between the river, the sewage treatment lagoons, and the
perched water zones.

4.1.1.3 Percolation Pond Well Set. This well set will provide a location for sampling perched
water that has developed in the alluvium and in the upper and lower perched water as a result of
wastewater disposal in the percolation ponds (see Figure 4-1). The wells will be placed north of the
percolation ponds at a location where no monitoring wells in the alluvium currently exist. (Upper perched
water wells exist to the north and south, and one lower perched water well exists to the north.) This well
set will provide monitoring points for the tracer introduced into the percolation ponds (and indicator
parameters, if they are present). These wells will help identify the locations and vertical depth of the
perched water and provide information on the hydraulic connection between the percolation ponds and
the perched water zones.

4114 Tank Farm Well Set. This well set will be located on the northwest corner of the tank farm
(see Figure 4-1) and will include four wells: alluvium, upper perched water, lower perched water, and
aquifer skimmer. The location for this well set was selected to provide a monitoring point between the
BLR and the tank farm and to access contaminated water that might move to the northwest from the tank
farm. These wells will help define effects of the BLR flow on the perched water at the alluvium/basalt
interface, in both perched water zones and in the SRPA.

4.1.1.5  Central Well Set. This well set will be in a central location between the north and south
perched water bodies (see Figure 4-1). The set will provide monitoring points for the shallow perched
water and deep perched water zones.
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Figure 4-1, Map of INTEC showing existing and proposed well locations.



41.2 Phase Il Wells

The Phase II wells will provide moisture monitoring and COC sampling locations for monitoring
the perched water drain-out and flux to the SRPA. All well sets will contain at least three wells, one to be
completed in the upper perched water zone, another to be completed in the lower perched water zone, and
a third to be completed in the SRPA. Wells at these depths will be instrumented with tensiometers for
measuring soil matric potential and with piezometers and lysimeters for collecting water samples for COC
analysis. The aquifer skimmer wells will be screened across the water table. Actual completion depth to
the bottom of the screen will be slightly below the SRPA water table (~140 m [460 ft]). The skimmer
wells will be used for sampling aquifer water to determine contaminant flux out of the vadose zone.

The criteria for selection of Phase II wells include the following:

o Placement near known significant recharge sources such as the percolation ponds, the BLR, and the
sewage treatment lagoons (all the Phase I wells)

. Placement near known areas of significant surface contamination, for example, the tank farm

o Placement inside the known perched water zones, away from the edges

o Placement near areas where perched water in the alluvium may develop

o Placement near areas where existing wells indicate elevated contamination levels in the perched

water, for example, MW-18, MW-20, MW-10, MW-5, and MW-2.

4121 Well Set #1. Well sct #1 will be located near the southwest corner of the INTEC tank farm
and will include up to four wells: an alluvial well, the upper and lower perched water zones, and an
aquifer skimmer well. The ideal location is between the tank farm and the old injection well, a past source
of contaminated recharge. The alluvial well will be used to detect perching at the alluvial/basalt interface,
should it occur. Currently, the closest monitoring points are CPP-33-2 and USGS-50. CPP-33-2 monitors
only the shallow perched water. Although USGS-50 monitors the deep perched zone, the water from this
well may have been compromised due to past use for service waste injection during injection well repair.

4122 Well Set #2. Well sct #2 will be located directly south of the tank farm and includes up to
four wells targeting the alluvail, upper and lower perched water zones, and the SRPA. An alluvial well
may not be drilled at this location due to the lack of moisture found at the alluvium/basalt interface in
nearby wells. Should water be found during drilling at this location an alluvial well can be added. The
location is down gradient from the tank farm, between the tank farm release sites of CPP-28 and MW-18.
MW-18 has high contaminant levels in the upper perched, lower perched, and aquifer wells. Well Set #2
will help to determine the source of contamination. Its location is also near wells MW-10, MW-5 and
MW-2, all with elevated Sr-90 levels when sampled in 1995. It is in a crucial location for gathering
moisture data that might support efforts to prevent contaminant flux from reaching the SRPA.

4.2 Monitoring and Sampling Locations

The following discussion includes locations for the sampling of the perched water and monitoring
water level measurements, matric potentials, and soil moisture content.



4.21 Perched Water Sampling Locations

A discussion of the new wells to be included is provided above (Section 4.1). These wells are listed
in Table 4-1. All existing perched water wells will also be sampled as part of the Phase I and II
monitoring networks. However, some of the wells may never be suitable for sampling or at best can be
sampled only during “wet” times because they are either permanently or seasonally dry. The
characteristics of many of the existing wells are not currently understood because they have not been
monitored for extended periods of time. Table 4-2 is an updated listing of INTEC perched water wells and
piezometers. Prior to any sampling under this plan, water level measurements will be taken to determine
the suitability of each individual well.

Most of the existing perched water wells do not have dedicated pumps, the exceptions being PW-1,
PW-4, PW-5, and USGS-50. These wells are equipped with 2-in. rediflow pumps. Dedicated pumps may
be installed in perched water wells where there is sufficient water. In addition to well completion
information, Table 4-2 lists the most current (FY-99) measured water levels and calculated purge
volumes. The actual water levels in some of these wells have not been measured even though the wells
are believed to have water in them. In the cases where the water level is unknown, no purge volume has
been calculated. Four of the 47 wells and piezometers target the lower perched water; the rest are
completed in the upper perched water zones.

Suction lysimeters to be installed under this FSP will be used to collect soil-pore water samples. In
addition to the suction lysimeters installed under this FSP, a survey will be conducted to identify whether
any of the suction lysimeters currently installed are in working order. If any are found to be accessible
and in working order, they will be evaluated whether to be added to the existing monitoring network.
Locations believed to contain suction lysimeters include wells 33-2, 33-3, 33-5L, and A-60 through A-66.

4.2.2 Perched Water Level Monitoring Locations

All existing perched water wells (that are not permanently dry) and all new wells drilled under this
FSP will be included in the water level monitoring network during Phase 1. If the BLR contingency is not
required, the network may be reduced in number and/or frequency following the decision on the BLR
contingency. If the BLR contingency is adopted, other wells may be added to the monitoring network.

4.2.3 Soil Moisture Monitoring Locations

Soil moisture and matric potential measurements will be taken in the monitoring well network
(Phase I and II wells). None of the existing perched water wells are instrumented to permit moisture data
collection. Figure 4-1 is a map showing the locations of the proposed Phase I and the Phase II wells to be
installed under this FSP.

4.3 Well Installation

NOTE: The discussions below for Phase I well installation were written in September 2000 (prior to
Phase I well installations) and are retained in the original form. For details on the final
methodology, well locations, well depths, well instrumentation, status of Phase I wells, and
variations to the sampling and analysis process, refer to the Phase I Monitoring Well and
Tracer Study Report (DOE-ID 2002a).



Table 4-1. Phase I and proposed Phase II wells that will be installed to support the Group 4 sampling and

monitoring,
Phase I Wells
Depth (ft bgs)/
Phase I Wells Target” Instrumentation® Data Types”

BLR A 45 2-in. piezometer, lysimeter, Perched water, soil-pore water,
Alluvium tensiometer matric potential

BLR B 120 to 140 2-in. piezometer, lysimeter, Perched water, soil-pore water,
Upper perched zone  tensiometer, moisture sensor matric potential, moisture

content
BLR C 380 to 420 4-in. piezometer, lysimeter, Perched water, soil-pore water,

Sewage lagoon
treatment A

Sewage lagoon
treatment B

Sewage lagoon
treatment C

Percolation pond A

Percolation pond B

Percolation pond C

Central B

Central C

Tank farm A

Tank farm B

Tank farm C

Tank farm D

Lower perched zone

45
Alluvium

120 to 140
Upper perched zone

380 to 420
Lower perched zone

45
Alluvim

120 to 140
Upper perched zone

380 to 420
Lower perched zone

120 to 140
Upper perched zone

380 to 420
Lower perched zone

45
Alluvim

120 to 140
Upper perched zone

380 to 420
Lower perched zone

450 to 500
Aquifer

tensiometer, moisture sensor

2-in. piezometer, lysimeter,
tensiometer

2-in. piezometer, lysimeter,
tensiometer, moisture sensor

4-in. piezometer, lysimeter,
tensiometer

2-in. piezometer, lysimeter,
tensiometer

2-in. piezometer, lysimeter,
tensiometer, moisture sensor

4-in. piezometer, lyimeter,
tensiometer, moisture sensor

2-in. piezometer, lysimeter,
tensiometer, moisture sensor

4-in. piezometer, lysimeter,
tensiometer, moisture sensor

2-in. piezometer, lysimeter,
tensiometer
2-in. piezometer, lysimeter,

tensiometer, moisture sensor

4-in. piezometer, lyimeter,
tensiometer, moisture sensor

6-in. well

4-6

matric potential, moisture
content

Perched water, soil-pore water,
matric potential

Soil-pore water, matric
potential, moisture content

Perched water, soil-pore water,
matric potential, moisture
content

Perched water, soil-pore water,
matric potential

Perched water, soil-pore, water,
matric potential, moisture
content

Perched water, soil-pore water,
matric potential, moisture
content

Perched water, water, matric
potential, moisture content

Perched water, soil-pore water,
matric potential, moisture
content

Perched water, soil-pore water,
matric potential

Perched water, soil-pore, water,
matric potential, moisture
content

Perched water, soil-pore water,
matric potential, moisture
content

SRPA water



Table 4-1. (continued).

Proposed Phase 11 Wells
Depth (ft bgs)/
Phase 1T Wells Target Instrumentation Data Types”

1-B 120 to 140 2-in. piezometer, lysimeter, Perched water, Soil-pore

Upper perched zone tensiometer, moisture sensor water, matric potential
1-C 380 to 420 4-in. piezometer, lysimeter, Perched water, Soil-pore

Lower perched zone tensiometer, moisture sensor water, matric potential
1-D 450 to 500 6-in. well SRPA water

Aquifer
2-B 120 to 140 2-in. piezometer, lysimeter, Perched water, soil-pore

Upper perched zone tensiometer, moisture sensor water, matric potential
2-C 380 to 420 4-in. piezometer, lysimeter, Perched water, soil-pore

Lower perched zone tensiometer, moisture sensor water, matric potential
2-D 450 to 500 6-in. well SRPA water

Aquifer

a. The well completion depth and depths that instrumentation will be installed in the Phase I and II wells will be determined following
geophysical borehole logging of the deepest hole in a particular set. The intent is to complete and instrument the hole in the primary perched
water zone and set additional instrumentation in other perched zones should they be identified by the geophysical logging.

Phase I drilling will consist of the installation of 15 wells. These wells will be drilled in sets of two
to four as discussed in Section 4.1.1. Phase II drilling will consist of the installation of an additional six
wells. Placement of these wells will be primarily around the tank farm; however, final placement of the
Phase II wells be based, in part, on the results of the Phase I activities. Table 4-1 and Figure 4-1
summarize the location, completion details, and data to be collected during each phase of drilling.

The locations shown on Figure 4-1 are the approximate location for the center of the well sets. The
wells at each set will be located approximately 25 feet (7.6 m) apart to reduce the possibility of borehole
intersections at depth and interference of borehole seal materials between boreholes. Sites will be cleared
for utilities and obstructions prior to drilling. Following final site selection, the site will be surveyed to
establish the final drilling location. Because final completion depth will be determined in the field, depths
listed in Table 4-1 are only estimated values.

Borehole lithology, geophysical, and radiological screening logs will be generated from the deepest
well at each set. Other boreholes within a set may also be logged at the discretion of the field team
leader/ficld geologist. Well logging (hole deviation, caliper, natural gamma, density, neutron,
gamma-gamma, video, high-resolution gamma spectroscopy, alpha/beta spectroscopy) will be completed
over the entire depth of the borehole and will be used to guide the drilling, sampling, and completion
depths of the other vadose zone wells at that set. The exact sampling locations for interbed sediment
samples will be dependent upon the lithology encountered in each borehole and will be decided in the
field.

4.3.1 Drilling Methods

Each well set will be drilled with a combination of wire-line coring and dual-wall,
reverse-circulation, air-rotary drilling. The deepest borehole in each well set will be drilled first, with
continuous core collection from ground surface to total depth. As perched water zones are encountered,
casing will be installed and sealed in place. This is required to prevent contaminant movement to lower,
possibly cleaner, perched zones as the borehole is being advanced. The borehole will be then advanced
with a smaller bit. The surface casing will be of sufficient diameter to allow for 3 casing reductions before
reaching total depth.

4-7
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Table 4-2. Status of INTEC perched water wells at the conclusion of FY 2002 monitoring events.

Water Level ~ Water Level Well Depth
from from Land from Land Well Screen from  Final Well
Well Measuring Surface (ft) Month/Year Casing Diam.  Surface Well Screen Land Surface Status
Well Name Alias Point (ft) Measured (in.) (ft) Material (ft) (2002)
ICPP-SCI-P-216 BLR-AL dry dry 08/2002 1.25 37 PVC 354-359 dry
ICPP-SCI-P-217 BLR-SP dry dry 08/2002 1 180.5 PVC 145-145.5 dry
ICPP-SCI-P-218 BLR-DP 382.50 380.16 08/2002 4 395 Stainless Steel 375-385 wet
ICPP-SCI-P-248 BLR-CH 131.37 128.83 08/2002 2 414.7 Stainless Steel 120-130 wet
ICPP-SCI-P-219 STL-AL dry dry 08/2002 1.25 315 PVC 30.4-30.9 dry
ICPP-SCI-P-221 STL-DP 437.38 434.71 08/2002 4 440 Stainless Steel 429-439 wet
ICPP-SCI-P-251 STL-CH dry dry 08/2002 1 451 PVC 99-109 dry
ICPP-SCI-P-251 STL-CH dry dry 08/2002 2 451 Stainless Steel 140-145 dry
ICPP-SCI-P-222 PP-AL 33.49 04/2002 1.25 33 PVC 30.8-31.3 dry
ICPP-SCI-P-223 PP-SP dry dry 08/2002 1 193 PVC 180-182 dry
ICPP-SCI-P-224 PP-DP 56.42 54.76 07/2002 1 398 PVC 50-55 wet
ICPP-SCI-P-224 PP-DP 376.10 374.44 06/2002 4 398 Stainless Steel 372-382 wet
ICPP-SCI-P-250 PP-CH dry dry 08/2002 1 414.8 PVC 187-192 dry
ICPP-SCI-P-250 PP-CH 238.21 235.74 0872002 2 414.8 Stainless Steel 23.5-255 wet
ICPP-SCI-P-247 CS-AL dry dry 08/2002 1.25 58 PVC 46-46.5 dry
ICPP-SCI-P-225 CS-SP dry dry 08/2002 1 167 PVC 159-164 dry
ICPP-SCI-P-226 CS-Dp 296.92 294.66 07/2002 1.25 405 PVC 288.5-293 wet
ICPP-SCI-P-226 CS-DP dry dry 08/2002 4 405 Stainless Steel 368-378 dry
ICPP-SCI-P-249 CS-CH 188.98 186.46 08/2001 2 402 Stainless Steel 188.5-198.5 wet
(obstructed)
ICPP-SCI-P-227 TF-AL dry dry 08/2002 1.25 425 PVC 37.5-38 dry
ICPP-SCI-P-228 TF-SP 156.97 0772002 1 202 PVC 145-150 dry
ICPP-SCI-P-229 TF-DP dry dry 08/2002 4 398 Stainless Steel 375-385 dry
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Table 4-2. (continued).

Water Level ~ Water Level Well Depth
from from Land from Land Well Screen from  Final Well

Well Measuring Surface (ft) Month/Year Casing Diam.  Surface Well Screen Land Surface Status

Well Name Alias Point (ft) Measured (in.) (ft) Material (ft) (2002)
ICPP-MON-A-230  TF-Aquifer 461.30 08/2001 6 523 Stainless Steel 443-483 wet
ICPP-SCI-P-252 TF-CH 152.65 0472002 2 325 Stainless Steel 145-150 dry
CPP-33-1 33-1 100.80 98.6 6/2001 2 113.6 Stainless Steel 89 to 99 wet
CPP-33-2 332 104.02 102.82 08/2002 2 114.8 Stainless Steel 85.8t0 105.8 wet
CPP-33-3 33-3 118.15 115.65 08/2002 2 126.4 Stainless Steel 111.8t0 121.8 wet
CPP-33-4 334 104.81 102.71 05/2001 2 124 Stainless Steel 98.210118.5 wet

(obstructed)

CPP-37-4 37-4 106.00 104.3 08/2002 2 1134 Stainless Steel 99.9 to 109.9 wet
CPP-55-06 55-06 109.73 108.13 11/2001 2 114.6 Stainless Steel 93.1to 113.1 wet
INTEC-MON-P-001 MW-1 329.055 326.255 08/2002 4 336.3 pPvC 326 to 336 wet
INTEC-MON-P-001 MW-1 Unknown® 1 368.3 PVC 359 to 369 wet

INTEC-MON-P-002 MW-2 113.76 110.76 09/2001 2 112.3 PVC 102to0 112 muddy
INTEC-MON-P-003 MW-3 140.31 137.81 05/2001 2 138.3 PVC 128 to 138 dry
INTEC-MON-P-003 MW-3 121.90 1194 07/2002 1 119 PVC 116.3t0 118 dry
INTEC-MON-P-004 MW-+4 110.40 107.6 04/2002 2 110.8 PVC 100.6 to 110.6 dry
INTEC-MON-P-004 MW-4 131.30 128.9 04/2002 l 130.7 PVC 128 to 129.7 dry
INTEC-MON-P-005 MW-5 120.72 117.82 11/2001 2 126.7 Stainless Steel ~ 106.5 to 126.5 wet

INTEC-MON-P-005 MW-6 83.7 121998 1 83.7 PVC 81.0t0 82.7 unknown

INTEC-MON-P-006 MW-6 121.97 119.17 08/2002 2 137 PVC 117 t0 137 wet
INTEC MON-P-007 MW-7 107 12/1998 1 105 PVC 102.3to 104 dry
INTEC-MON-P-007 MW-7 141.49 138.79 08/2002 2 142.3 PVC 132 t0 142 wet
INTEC-MON-P-008 MW-§ 126.60 123.9 07/2001 2 127 PVC 115to0 125 dry
INTEC-MON-P-009 MW-9 130.97 128.27 08/2002 2 132 PVC 120 to 130 wet
INTEC-MON-P-009 MW-9 108.71 106.01 06/2001 1 108 PVC 104.2 to 105.7 dry
INTEC-MON-P-010 MW-10 78 12/1998 1 78.2 PVC 76.5t0 78 dry
INTEC-MON-P-010 MW-10 148.39 145.69 09/2001 2 152 PVC 141 to 151 dry
INTEC-MON-P-011 MW-11 116 12/1998 1 116 PVC 112to 113.5 dry
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Table 4-2. (continued).

Water Level Water Level Well Depth
from from Land from Land Well Screen from  Final Well
Well Measuring Surface (ft) Month/Year Casing Diam.  Surface Well Screen Land Surface Status
Well Name Alias Point (ft) Measured (in.) (ft) Material (ft) (2002)
INTEC-MON-P-011 MW-11 131.78 130.98 0872001 2 138 PVC 131t0 136 dry
INTEC-MON-P-012 MW-12 121.71 118.71 0572001 2 119.0 pPVvC 109 to 119 dry
INTEC-MON-P-012 MW-12 153.77 150.77 0572001 1 151.75 PVC 148.55 to 150.25 dry
INTEC-MON-P-013 MW-13 104 12/1998 2 105.4 PVC 100 to 105 dry
INTEC-MON-P-014 MW-14 104 12/1998 2 104 PVC 94 to 104 dry
INTEC-MON-P-015  MW-15 112.12 109.72 07/2002 2 131.6 PVC 111.3t0 131.3 wet
INTEC-MON-P-016 MW-16 112.2 12/1998 2 112.2 PVC 97 to 107 dry
INTEC-MON-P-017 MW-17 187.98 185.18 08/2002 2 193.3 PVC 181.7t0 191.7 wet
INTEC-MON-P-017 MW-17 273.8 12/1998 1.25 274 PVC 263.8t0 273.8 dry
INTEC-MON-P-017 MW-17 364.40 361.6 08/2002 OH" 381 Open Hole 360 to 381 wet
INTEC-MON-P-018 MW-18 124 12/3/98 2 124.2 PVC 113.5t0 123.5 dry
INTEC-MON-P-018 MW-18 409.76 406.43 11/2001 1.25 412 PVC 394 to 414 wet
INTEC-MON-P-020 MW-20 109.53 107.53 05/2001 1 106.7 PVC 96 to 106 dry
(obstructed)
INTEC-MON-P-020 MW-20 . 139.80 137.8 08/2002 2 151.5 PVC 133.2t0 148.4 wet
INTEC-MON-P-024 MW-24 62.51 60.31 08/2002 4 123 Stainless Steel  53.5t073.5 wet
PW-1 PW-1 115.20 113.87 05/2002 6 120 Steel 100 to 120 dry
PW-2 PW-2 122.82 122.82 07/2002 6 131 Steel 111to0 131 wet
PW-3 PW-3 116.06 114.62 07/2002 6 125 Steel 103 to 123 wet
PW-4 PW-4 68.64 65.14 07/2002 6 150 Steel 110 to 150 wet
PW-5 PW-5 73.34 71.34 11/2001 6 131 Steel 109 to 129 wet
PW-6 PW-6 123.84 1/14/99 6 130 Steel 105 to 125 dry
USGS-050 USGS-050 383.33 383.33 11/2001 OH® 405 Open Hole 357 to 405 wet
USGS-081 USGS-081 93.19 12/21/98 OH® 104.3 Open hole 26 to 104.3 dry




Each additional borehole at a well set will be drilled using this reverse-air-rotary method. This
allows for rapid drilling to the target depth established from the logging of the deep borehole. Unless
determined in the field by the FTL or field geologist, no cores will be collected from subsequent holes.

The corehole will be advanced with a standard coring until the top of the targeted sedimentary
interbed is encountered. Extreme caution will be used so that as little as possible of the interbed is
breached upon first contact. At this point the face discharge bit will be changed over to a spring-loaded
advance push-bit system with a lexan liner. Rock cores above and below interbeds will be collected in
standard split-barrel sampling tubes. As the core barrel is recovered it will be surveyed by the radiological
control technician (RCT). After the RCT verifies no external contamination, the core barrel will be
opened and the lexan liner and the core surveyed by the RCT. If the RCT detects contamination on ¢ither
the core barrel or core then appropriate actions will be taken as directed by the RCT. Field logging by the
field geologist will follow RCT survey of the core. After logging of the core material, the lexan liner will
be capped with plastic end caps. The liner may also be cut to shorter lengths as needed for various
analyses. After the core has been logged it will be placed into standard corrugated core storage boxes.

After push-coring through the interbed, the advance bit will be removed and standard coring will
resume to the next interbed. This process of alternating standard and advance-bit coring will continue
until total depth of the hole is reached. After reaching the target total depth, each corchole deep boring
will receive a complete suite of physical and geophysical downhole geologic logs.

Care will be taken to assure no drilling or sampling equipment other than the sample split barrel or
lexan liner will come in contact with the sample material prior to, during, or after sample collection. All
procedures and drilling and sampling equipment will be designed to minimize the release of any
contamination to the environment. All activities will be conducted in accordance with current INEEL
guidance and procedures related to well construction and maintenance.

4.3.2 Materials

Upon completion of all downhole activities the open boreholes will be equipped with
instrumentation to provide for long term monitoring of vadose zone moisture and the collection of pore
water samples. Results of the borehole logging will be used to determine the exact placement of the
instrumentation. Each borehole will be equipped with a combination of tensiometers, suction lysimeters,
and moisture sensors. Exact type and number of these instruments will depend on conditions encountered.
In addition, all upper and lower perched water wells may have peizometers (2-in. for upper; 4-in. for
lower) installed. The aquifer wells will be completed as 13-cm (6-in.) wells.

High pressure-vacuum lysimeters will be used for this project. Where perched water is present,
lysimeters will be installed for sampling at a later date. These lysimeters consist of a two-section cup
assembly. The lower chamber is a standard porous cup where soil moisture enters the unit. The upper
portion is a sampling chamber separated by a check valve from the lower portion. Sample is collected by
pulling a vacuum greater than the surrounding matric potential on the upper and lower chambers. Pore
water then migrates into the porous stainless steel cup and passes through the check valve into the upper
chamber. To retrieve a sample, pressure is applied to the upper chamber, using an inert gas, closing the
check valve to the lower chamber and forcing the sample up the sample discharge line to the surface.

For shallow perched zones 2-in. piezometers will be used where possible. For deep perched zones
the casing size increases to 4-in. Dedicated submersible pumps may be installed in perched water wells, if
appropriate, also with a stainless steel discharge line. Motor size for those pumps will be determined
based on the depth to water. Figure 4-2 shows a typical aquifer well installation. The SRPA wells will be
constructed with minimum 6-in. 304 stainless steel 40-slot screen and Schedule 10 casing. A dedicated
3-5 horsepower submersible pump will be installed with a stainless steel discharge line.
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Figure 4-2. Conceptual diagram for aquifer well completion.

Existing perched zone wells will receive instrumentation appropriate with their intended use. At a
minimum, this will include pressure transducers in all existing perched wells that currently have water in
them. Pressure transducers measure the water pressure above the instrument. By knowing the depth at
which the transducer is set this pressure can be converted to a water depth below ground surface with a
simple calculation. The pressure rating required will be determined in the field based on the maximum
water column in a piezometer or well. Other equipment that may be installed includes dedicated pumps.

4.3.3 Borehole Instrument Installation
Upon completion of all downhole activities the open boreholes will be equipped with

instrumentation to provide for long-term monitoring of vadose zone moisture and for the collection of
pore water samples. Each borehole will be equipped with a combination of tensiometers, suction
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lysimeters, and moisture sensors. Exact type and number of these instruments will depend on conditions
encountered. Other moisture sensor instruments (i.€., moisture blocks) may be installed based on field
conditions and as space allows. A 5-cm (2-in.) piczometer will be installed in the upper perched water and
a 10-cm (4-in) piezometer in the lower perched water.

All tensiometers and lysimeters will be cleaned, assembled, and tested as directed by the
manufacturer’s instructions and by TRP-6572. In general, porous cups will be cleaned by allowing one
(1) liter (33 oz.) of 8N hydrochloric acid to permeate each cup. This is followed by a distilled water rinse
of 15 to 20 liters (4 to 5 gal). The distilled water rinse can be accelerated by applying a 20 psi to 30 psi
pressure to drive the water through the cups” porous material. Following cleaning, the units will be
assembled and tested for leaks. Testing will consist of placing the porous cup and instrument joints in a
tank of water (an aquarium works well) and slowly applying a positive pressure (normally 15 psi
[1.02 atm]) per the manufacturer's recommendation. Cups should not bubble until at least 15 psi. After
testing, the units will be wrapped in clean plastic and transported to the field.

If possible, moisture sensors will be installed with the tensiometers and lysimeters, but before
placement of the silica flour. Lowering the instrument bundle to slightly below the appropriate depth
places the moisture sensor. The instrument bundle is pulled up to force the sensor against the wall of the
borehole. At this time the sensor is tested for proper functioning. If it is functioning properly, then silica
flour is placed around the instrument bundle. If it is not functioning properly, then the bundle is removed
to the surface and repaired or replaced.

Multiple tensiometers may be installed at various depths within each borehole. Exact depths will be
determined in the field based on borehole logging results. Where possible, two (2) tensiometers will be
placed per borehole, one at or below the interbed and one at the top of the interbed (see Figures 4-3, 4-4,
and 4-5). Tensiometers will be placed in the open borehole, then surrounded by silica flour slurry. This
slurry will be emplaced via a 1-in. tremie pipe set directly above the tensiometer. A granular bentonite
plug will be placed between the tensiometers. Granular bentonite will also be used to seal the open
borehole from the last tensiometer/lysimeter placement to the ground surface.

Suction lysimeters are installed in a manner similar to the tensiometer. They will be placed such
that the porous stainless steel sample cup is located at approximately the top of the interbed. The porous
stainless steel cup will then be surrounded by silica flour slurry. Exact depths will be determined in the
field based on borehole logging results.

The aquifer wells and piezometers will be constructed in the same way, except that only casing
sizes will vary. After reaching the target depth and upon completion of geophysical logging (in the deep
borehole) the screen and casing will be lowered into the open borehole. For aquifer wells, it is anticipated
that 7.6 m (25 ft) of screen with a 1.5-m (5-ft) sump will be used. The screened interval will extend 1.5 m
(5 ft) above the static water table. The bottom of the screen will extend across the first fractured interval.
The exact screen length will be determined in the field. After placing the screen/casing assembly the
annular space around the screen will be filled with clean silica sand as a filter pack. Sand will extend to
approximately five feet above the top of the screen. A 1.5-m (5-ft) granular bentonite plug will be placed
on the filter pack and hydrated. After full hydration of the bentonite the remaining annulus will be filled
with a nonshrink cement grout. Piezometers will be installed in a similar manner. The screen bottom will
be placed as close as practical to the top of the interbed. Either a bentonite seal or nonshrink grout may be
used to seal the annulus.
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Figure 4-5. Conceptual diagram for deep perched water zone instrument installation.

Standard pressure transducers will be installed in all existing and new perched wells that have
water in them. Transducers will be set after depth to water has been determined. Transducer cables will be
measured and the transducer lowered into the piezometer to a depth that will allow for accurate head
readings, but not to exceed the maximum pressure rating of the transducer. Care will be taken to assure
that the transducer remains vertical and does not lie on the bottom of the well. Transducer accuracy will
be verified using a water level probe.

All downhole instruments will be attached to a data logger at the surface. The data logger will
allow for automated recording of various instrument values. Initially, tensiometer and moisture sensors
will be read daily. Exact set up (24-hourly average or one time reading) will be determined in the field
after proper instrument operation is verified.
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4.3.4  Surface Completion

Each well head will be finished with a 0.9 x 0.9 x 0.5 m (3 x 3 x 1.5 ft) cement pad around the
surface casing, sloped away from the well. A brass survey pin will be set in the wet cement in the
northeast comer of the pad. The interior of the surface casing will contain a well seal with access/exit
ports for each instrument installed in the borehole. A locking well cover will be installed.

4.3.5 Well Development

All aquifer wells installed under this FSP will be developed by pumping the well until the water
discharge is clear and free from suspended sediments. According to past experience at the INEEL, this
process usually takes only several minutes, is accomplished before a single well volume is evacuated, and
can therefore be accomplished in conjunction with purging the monitoring well for the first sampling
event. A record will be kept of field parameters during purging, and will also serve to document the
development of the well. A full discussion of purging can be found in Section 4.5.2.

Perched water wells installed under this FSP that have standing water in them will also be
developed, however, the methods used will vary. For wells that can supply an adequate yield of water, as
determined during drilling process, the development will be conducted as described above. Wells deemed
incapable of supplying water in amounts to support pumping, but still containing standing water, will be
developed by bailing the well until three well volumes are removed or the well goes dry. Because the
amounts of perched water flowing to wells can be quite low, recovery may be quite slow; therefore, if a
well is bailed dry, development will stop and the well will be considered developed.

4.3.6 Drilling and Sampling Equipment Decontamination

All drilling equipment will be steam cleaned prior to entering the work area. Drilling equipment
will be decontaminated between sets to ensure no cross-contamination among sites. Sampling equipment
(inner barrels, quad latches, etc.) will be field cleaned between sampling runs. All downhole equipment
(bits, drill pipe) used at a site will be decontaminated between boreholes. Instrumentation that is to be sent
downhole (i.c., PVC pipe, stainless screen and casing) will also be steam cleaned prior to installation.
Materials supplied in sealed bags from the manufacturer and certified as clean will not require additional
steam cleaning. If, however, the packaging for this material has been significantly breached (i.¢., the
material is exposed) then it will require cleaning.

A central decontamination area will be established for this equipment decontamination. The
decontamination area will consist of a portable, self-contained, decontamination pad. The portable
decontamination pad will include equipment such as a steam cleaner, sump, and trash pump to the remove
the decontamination fluids from the pad to a tank or container, as appropriate, with secondary
containment. Typically, this pad and equipment are supplied and setup by the drilling subcontractor. The
pad will be of sufficient size to so that the drill rig can be driven onto the pad and all decontamination
fluids generated from steam cleaning are contained. Although not expected, in the event that high level
radiological contamination of equipment is encountered (as defined in applicable company policies and
procedures and at the discretion of the Radiological Control Technician at the drill site) the drilling
equipment will be decontaminated at the decontamination facility located in CPP-659. If decontamination
must occur in CPP-659, all wastes generated during the decontamination will be handled in accordance
with the policies and procedures in place for the decontamination facility.

The decontamination methods for the drilling and sampling equipment will ensure maximum
containment of decontamination fluids, minimization of waste, and minimize the chances of equipment
contamination. Decontamination of the field equipment for this project will be performed as per



applicable company policies and procedures. Additionally, evaluation of decontamination measures will
be made during drilling in “clean” areas (i.¢., south end of plant), and necessary modifications made to
ensure containment, proper waste segregation, and waste minimization procedures will be in place prior
to the start of drilling at potentially contaminated sites (such as around the tank farm).

4.3.7 Sampling Location Surveys

After drilling, sampling, and installing monitoring equipment, all borehole locations will be
surveyed in accordance with applicable INEEL requirements.

4.4 Subsurface Sediment Collection

This section details the actions that will be used for the drilling and interbed sediment collection
from the deepest well at each well set. This may be an aquifer well or a deep perched well. Also discussed
is the use of surface geophysics for the sitting of the alluvial well sets.

4.41 Subsurface Sediment Sample Prioritization

Due to the difficulties inherent in the collection of samples from sedimentary interbeds, that at
some targeted interbeds a sufficient volume of sample material may not be available to meet all of the
analytical needs. If there is insufficient sample material collected during initial coring of the deep hole, it
may be supplemented with material collected by coring the same interval at the next hole of the set.
Should insufficient sample material be recovered, the available sample material will be allocated to meet
the following analytical requirements in the order listed below:

L. Soil physical and hydraulic characterization samples

2. Soil chemistry samples

3. Treatability studies/archive samples.

442 Samples for Physical/Geotechnical Analysis

It is anticipated that three samples will be collected from each interbed for physical/hydraulic
analysis. Samples will be collected from the top, middle, and bottom of the interbed. Samples must be
undisturbed for most of the requested analyses. Therefore, samples will be collected by cutting the lexan
liner and capping the ends. Efforts will be made to minimize sample compaction during cutting and
transport.

Physical and hydraulic analyses will consist of a moisture characterization curve, grain size
distribution, moisture content, effective porosity, bulk density, and saturated and unsaturated hydraulic
conductivity.

443 Samples for Chemical Analysis

It is anticipated that samples for chemical analysis will be collected from the upper half of the
interbed. All efforts will be made to collect chemical samples from saturated material when it exists. Per
the above prioritization scheme, chemistry samples will be collected from immediately below the upper
geotechnical sample. Samples may be collected by either cutting and capping the lexan liner, or
transferring interbed material from the liner to appropriate jars. The final method will be determined
through discussions with the analytical laboratory. Samples will be analyzed for COCs, Target Analyte
List (TAL) metals, and major cations and anions, cation exchange capacity, extractable iron, and soil pH.



444 Downhole Geophysical Logging

Upon reaching the target depth each hole will receive a complete suite of physical and geophysical
downhole geologic logs. At a minimum, this suite will consist of video, caliper, natural gamma, deviation,
gamma-gamma, density, neutron, and high-resolution gamma spectroscopy. All geophysical logs will be
used for comparison of information and to assist in the field determination of instrument placement. Upon
completion of logging, the borehole instrumentation will be installed.

The INEEL field office of the USGS will perform the video, caliper, natural gamma, deviation,
gamma-gamma, and neutron logs. BBWI personnel will perform high-resolution gamma spectroscopy
logs. Geophysical logs involving a radioactive source (gamma-gamma, and neutron) will be conducted
inside the core string prior to its removal from the corehole. All other logs will be done in the open
borehole.

4.5 Groundwater Sampling

This section describes the sampling and monitoring procedures and equipment to be used for the
Phase L, initial round of Phase II, and tracer test monitoring. Prior to the commencement of any sampling
activities, a presampling meeting will be held to review the requirements of the FSP and Health and
Safety Plan (HASP), applicable company policies and procedures, and to ensure all supporting
documentation has been completed.

Tables 4-3 and 4-4 identify the wells and lysimeters anticipated to be sampled as part of the initial
round of Phase II sampling. The tables identify wells/lysimeters that either (a) currently contained
perched water, (b) have recently contained perched water, (¢) have demonstrated the historic potential to
accumulate water in the late winter/early spring (when sampling activities are planned to commence), or
(d) were not sampled previously. Because of changing conditions in the perched water bodies an exact
listing of wells and lysimeters that will contain sufficient water for sample collection cannot be predicted.
As a result, some wells/lysimeters that currently contain water may be dry when field activities begin
and/or, some wells/lysimeters that are currently dry could provide unexpected opportunities for perched
water samples. It will be the responsibility of the FTL and project team to identify which wells and
lysimeters will provide sufficient sample material in order to meet the objectives of this FSP.

451 Water Level Measurement

Prior to sampling any well or piezometer, depth to water will be measured using either an
electronic sounding tape or steel tape and chalk as described in applicable company policies and
procedures. Measurement of all water levels will be recorded to an accuracy of 0.01 ft.

4.5.2 Well Purging

All aquifer skimmer wells and perched water wells that have sufficient water will be purged prior
to sample collection. Well purging is performed to remove stagnant water from the borehole in an attempt
to draw in water more representative of the actual aquifer conditions prior to sampling. During the
purging operation, a flow-through cell with a Hydrolab (or equivalent) water quality monitor will be used
to measure specific conductance, pH, dissolved oxygen, and temperature. Well purging procedures are
provided in applicable company policies and procedures. Wells will be purged to remove a minimum of
three well casing volumes of water and when three consecutive water quality parameters are within the
following limits:



Table 4-3. Perched wells anticipated to be sample for the initial round of sampling for Phase II.

Sampled Sampled
during during
Well ID Phase 1?7 Well ID Phase 1?7
CPP-33-1 No MW-17-2 (INTEC-MON-P-017) Yes
CPP-33-2 No MW-17-4 (INTEC-MON-P-017) No
CPP-33-3 No MW-18-1 (INTEC-MON-P-018) Rad Only
CPP-33-4-2 No MW-20-2 (INTEC-MON-P-020) Yes
CPP-37-4 Yes MW-24 (INTEC-MON-P-024) Yes
CPP-55-06 Yes PW-1 Yes
MW-1-1 (INTEC-MON-P-001) No PW-2 Yes
MW-1-4 (INTEC-MON-P-001) Yes PW-3 Yes
MW-2 (INTEC-MON-P-002) Yes PW-4 Yes
MW-3-1 (INTEC-MON-P-003) No PW-5 Yes
MW-4-1 (INTEC-MON-P-004) No USGS-50 Yes
MW-4-2 (INTEC-MON-P-004) No BLR-DP (ICPP-SCI-P-218) Yes
MW-5 (INTEC-MON-P-005) Yes BLR-CH-2 (ICPP-SCI-P-243) No
MW-6-2 (INTEC-MON-P-006) Yes CS-DP-1 (ICPP-SCI-P-226) No
MW-7-2 (INTEC-MON-P-007) No PP-CH (ICPP-SCI-P-250) Yes
MW-9-2 (INTEC-MON-P-009) No PP-DP-1 (ICPP-SCI-P-224) No
MW-10-2 (INTEC-MON-P-010) Rad Only  PP-DP-4 (ICPP-SCI-P-224) No
MW-15 (INTEC-MON-P-015) No STL-DP (ICPP-SCI-P-221) No

Table 4-4. Lysimeters anticipated to be sample for the initial round of sampling for Phase II.

Location Sampled during Phase 1?7
BLR-AL (ICPP-SCI-P-216) Yes
CS-AL (ICPP-SCI-P-247) Yes
PP-AL (ICPP-SCI-P-222) Yes
PP-SP (ICPP-SCI-P-223) Rad only
STL-AL (ICPP-SCI-P-219) Yes
STL-SP (ICPP-SCI-P-220) Rad only
TF-AL (ICPP-SCI-P-227) Yes
CPP-33-2 No
CPP-33-3 No
Tank farm ‘A’ series No
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° Ph +0.1
. Temperature +0.5°C
. Specific conductance +10 pmhos/cm.

Only after completion of well purging can a sample for water quality analysis can be collected. The
perched water formation surrounding some of the wells may be inadequate to supply the full purge
volume. In this case, the well will be purged to dryness and allowed to recover to 90% of the original
water level. After recovery, samples will be collected as directed in applicable company policies and
procedures.

4.5.3 Sample Collection

Before sample collection begins, all non-dedicated sampling equipment that is to come in contact
with the water sample will be cleaned following the procedure outlined in INEEL applicable company
policies and procedures. Upon the completion of sampling, all non-dedicated equipment that came in
contact with the well water will be decontaminated prior to storage per applicable company policies and
procedures, with the exception that the isopropanol steps for decontamination will be omitted.

Prior to purging, the water level in each well will be measured. The well will then be purged a
minimum of three well-casing volumes until the pH, temperature, dissolved oxygen, and specific
conductance of the purge water have stabilized, or until a maximum of five well-casing volumes have
been removed. If the well goes dry prior to purging three casing volumes, purging will be considered
complete and samples collected after 90% recovery in the well. If parameters are still not stable after five
volumes have been removed, samples will be collected and appropriate notations will be recorded in the
logbook.

Perched water samples will be collected for the analyses defined in Tables 4-5 and 4-6. The
requirements for containers, preservation methods, sample volumes, holding times, and analytical
methods are provided in Table 4-7.

Sample bottles for perched water samples will be filled to approximately 90 to 95% of capacity to
allow for content expansion or addition of preservation. The only exception to this is for VOC samples,
for which no headspace is permitted. Samples to be analyzed for metals (TAL metals plus boron and
strontium) will be collected as both unfiltered and filtered. Filtered samples will be passed through a
0.45 yum filter. Samples requiring acid preservation will be acidified to a pH < 2 using the appropriate
type of acid.

454  Suction Lysimeter Sampling

Suction lysimeters are dedicated sampling equipment that are buried in the subsurface. For this
reason they do not require cleaning prior to sampling. Because sample volumes may be limited, field
chemistry data are not usually collected.

Sampling of lysimeters will follow the procedure delineated in applicable company policies and
procedures. If sufficient sample volume can be collected, the sample water will be analyzed for the same
chemical suite as the perched water. If only a limited amount of water can be collected, then samples will
be prioritized as below.
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Table 4-5. Perched water analytes for Phase I sampling of well network.

Cations Anions COCs Hazardous Substances Field Conditional®

Calcium Sulfate Tritium 1,1,1-TCA Temperature Nitrogen isotope
ration

Magnesium  Chloride Technicium-99 Carbon tetrachloride pH
Sodium Bromide Todine-129 TCE Alkalinity Oxygen isotope ratio
Potassium Fluoride Strontium-90 PCE Dissolved Oxygen
Strontium Nitrate Plutonium isotopes ~ Benzene Specific Strontium isotope
Antimony (Pu-238, -239, -240, Conductivity ratio
Arsenic and -241)
Boron Nitrite Uranium isotopes Toluene Hydrogen isotope
Beryllium (U-234,-235, and ratio
Cadmium -238)
Chromium Phosphate ~ Am-241 Carbon disulfide
Lead Np-237 Pyridine
Silver Ce-137
Thallium Mercury

a. These analyses are conditional upon receipt of research funding for a separate study. Should the research grant be funded these analyses will
be conducted.

Table 4-6. Perched water analytes for Phase Il sampling of well network.

Cations Anions COCs Field Conditional®
Calcium Sulfate Tritium Temperature Nitrogen isotope
ration
Magnesium  Chloride Technicium-99 pH
Sodium Bromide Todine-129 Alkalinity
Potassium Fluoride Strontium-90 Dissolved oxygen
Strontium Nitrate Plutonium isotopes ~ Specific
Antimony (Pu-238, 239, -240,  conductivity
Arsenic and -241)
Boron Nitrite Uranium isotopes
Beryllium (U-234,-235, and
Cadmium -238)
Chromium Phosphate ~ Am-241
Lead Np-237
Silver Ce-137
Thallium Mercury

a. These analyses are conditional upon receipt of research funding for a separate study. Should the research grant
be funded these analyses will be conducted.
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Table 4-7. Specific sample requirements for perched water samples.

Container Size

Analytical Parameter and Type Preservation Holding Time
Metals (Ca, Mg, Na, K, 1-L glass or polyethylene = HNO; to pH <2 180 days
Sr, B, Sb, As, Be, Cd, bottle Hg has 28 days
Cr, Pb, Se, Ag, Ti, and
Hg)
Anions (Br, CI, F, NOs, 50 ml glass or Cool to 4°C NO;, NO», PO,
NO,, PO,, SO,) polyethylene bottle have 48 hours
All others 28 days
Tritium 100 ml glass bottle None 6 months
Technicium-99 1-L HDPE bottle HNO; to pH <2 6 months
Todine-129 1-L HDPE bottle HNO; to pH <2 6 months
Strontium-90 1-L HDPE bottle 6 months
Plutonium isotopes 1-L HDPE bottle HNO; to pH <2 6 months
(Pu-238, -239, -240, and
241)
Uranium isotopes 1-L HDPE bottle HNO; to pH <2 6 months
(U-234, -235, and -238)
Np-237 1-L HDPE bottle HNO; to pH <2 6 months
Am-241 1-L HDPE bottle HNO; to pH <2 6 months
Ce-137 2-L. HDPE bottle None 6 months
Mercury 1-L amber glass bottle None 6 months
VOCs 2 x 40 ml vials H,S0, to pH <2, Cool to 4°C 14 days
455 Groundwater Sample Prioritization

Due to the potential difficulties of sampling perched water, a sufficient volume of sample may not
be available to meet all of the analytical needs. For this reason the available sample volume will be
allocated to meet the following analytical requirements in the order listed below:

1. Radionuclides (unfiltered)
2. Cations and anions

3. Metals—Hg (filtered and unfiltered)

4. VOCs.
4.6 Sampling Quality Assurance/Quality Control
Section 6 of this FSP and the Quality Assurance Project Plan (QAPjP) require quality
assurance/quality control (QA/QC) samples from the aquifer and perched groundwater sampling.

Laboratories approved by the SAM will be used for the analyses of all such samples. QA/QC samples
will be collected at the frequency recommended in the QAPjP, but not less than one set per well set.
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4.6.1 Groundwater QA/QC Samples

QA/QC samples are required only for the perched and aquifer wells and piezometers, not the
suction lysimeters. Rinsate samples are required for samples collected from wells and piezometers.
QA/QC sampling of the suction lysimeters would be difficult because the sample volume is often limited.
Should lysimeter sample volume be sufficient to permit collection of duplicate sample, one will be
collected. If additional sample volume is available, duplicate samples will be collected at a frequency of
I per 20 samples or 1 per day, whichever is less.

4.7 Corrective Actions

In the event a discrepancy is discovered by field personnel or auditors, some form of corrective
action will be initiated. The level of action taken is related to the level of the discrepancy. Corrective
actions can range from field changes due to unforeseen ficld conditions to DOE reportable incidents. All
corrective actions will be addressed following applicable company policies and procedures.
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